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ABSTRACT 


A computer program has a number of steps and” one may 
have to use them iteratively, so interactive programs are 
more useful, powerful and user friendly. There are various 
interaction styles. Menu selection is one of them. Menu 
selection systems are attractive because they can eliminate 
training and memorisation of complex command sequences. 
Menu selection applications range from trival choices 
between two items to complex videotex systems . Pop up or 
pull down menus appear on the screen in response to a click 
with a pointing device such as a mouse. Mouse is used to 
select the options given in the menu. 

Truemouse is a software developed to use with PC mouse 
or Microsoft mouse. Truemouse was developed to enhance the 
basic mouse functions . 

An approach to menu based interactive program in 
hydrology and water resources is illustrated with two 
examples using Truemouse software. In the present study, 
Frequency analysis and Unit Hydrograph analysis program have 
been developed to demonstrate the use of ’TRUEMOUSE’ 
software through menus developed to perform various steps in 
the respective programs- 



The software is found to be very much 
performing the various steps involved in the exe 
program. Thus menu based interactive program is 


useful in 
cution of a 
easy to use. 


versatile and user-friendly. 



CHAPTER 1 


INTRODDCTION 


1 . 1 General 

The invention of computers provided an easier way to 
solve many problems in Hydrology and Water Resources with 
greater accuracy and detail. The first electronic computer 
designed in 1945 by Ec Kert and Mauckly and named as ENIAC 
was used for solving, the then number crunching jobs. There 
are two aspects to the subsequent development of computers, 
vis, the capability, i.e., the speed of calculations, memory 
sise. storage capacity etc. of the computer became Larger 
and larger, and at the same time the sise of the computer 
smaller and smaller because of miniaturisation, for e.g. , 
minis and micros. The manufacture of personal computers 
(PCs) by IBM MACINTOSH etc. made computers cheap, so that 
each person at least in the West c.an have his or her own 
compi;ter. The present day PC is as fa.st a.s a main computer 
of a decade ago. Higher speeds, greater accuracy, less power 
consumption and privacy attracted the users to PCs. The 
extensive use of PCs with captive storage and graphic 
capabilities as well as the development of a large variety 
of computer networks including Local Area Networks (LAN) 
lead to the development of a large variety of specialised 
software particularly oriented to use in PCs perhaps in 
combination with larger systems. They include software for 
numerical analysis, statistical analysis, graphics and image 
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processinc, video sames, simulation, data processinfi, DBtlS , 
word processing, CAD, etc. Frustation and anxiety are 
P^^t of daily life for many users of computerised 
information systems. They struggle to learn command 
language, other programming languages and even some menu 
selection systems that are supposed to help them do their 
job- Researchers have shown that redesign of the human- 
computer interface can make a substantial difference in 
learning time, performance speed, error rates, and user 
satisfaction. Programmers and quality assurance teams are 
becoming more cautious and are paying greater attention to 
the implementation issues that guarantee high quality user 
interfaces . 

A program has a number of steps and one may have to use 
them iteratively. So interactive programs are more useful, 
powerful and user-friendly. Marshall Mcluhan (1967) observed 
that ’’the medium is the message”. Designers send a message 
to the users by the design of interactive systems. Great 
excitement exists as designers provide remarkable functions 
in simple and elegant interactive systems. 

1.2. MENU 

There are various interaction styles, viz., menu 
selection, form fill in, command language, natural language 
and direct manipulation. Only menu selection is considered 


here. 
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1.2.1 SINGLE MENU 

In some situations, a single menu is sufficient to 
accomplish a task. Single menus may have two or more items, 
may require two or more screens, or may allow multiple 
selections. Single menus may pop up on the current work area 
or may be permanently available (in a separate window or on 
a data table) while the main display is changed. Different 
guidelines apply for each situation. Binary menus, multiple 
item menus, extended menus, pop up menus, permanent menus, 
and multiple selection menus come under this category. Pop- 
up or pull down menus appear on the screen in response to a 
click with a pointing device such as a mouse. 

1.3 POINTING DEVICES 

Uhen a screen is used to display information, such as 
in air traffic control, text editing, and computer-aided 
design, it is often convenient to point at and/or select an 
item. This direct manipulation approach is attractive 
because the users can avoid committing to memory commands, 
reduce the chance of typographic errors on a key board, and 
keep their attention on the dispaly. The results are often 
faster performance, fewer errors, easier learning and 
higher sat is f act ion . 



A. 


DIFFERENT POINTING DEVICES: 


Pointing devices can be grouped into those that offer: 
Ci) direct control on the screen surface 

a. lightpens 

b. touchscreens 

Ciil indirect control away from the screen surface. 

a. mouse 

b. trackball 

c. joystick 

d. graphics tablet etc. 


B. POINTING TASKS : 

Pointing devices are applicable in six types of 
interaction tasks: 


(ij SELECT: The user chooses from a .set of items. 

This may be menu selection, identification of a 
file in a directory, etc. 

(ii) POSITION: The user chooses a point in a one, 
two, three or higher dimensional space. 
Positioning may be used to create a drawing, 
place a new window, or drag a block of text in a 
f igure . 

Ciii) ORIENT: The user chooses a direction in a two, 
or higher dimensional space. The direction may 
simply rotate a symbol on the screen. 



Civ) PATH: The user rapidly performs a series of 
"position” and "orient” operations. 

(v) QUANTITY: The user specifics a numeric value. 


(Vi) 


TEXT: The user enters, moves, 
a two dimensional space. The 
indicates the location of 
deletion, or change. 


and edits text in 
pointing device 
an insertion, 


It is possible to perform all 


these tasks with a 


keyboard , 


1.3.1 DIRECT POINTING DEVICES: 

The lightpen was an early device that enabled users to 
point to a spot on a acreen and perform a select, position 
or other task. Touchscreen does not require picking up some 
device, but allows direct control touches on the screen 
using a finger. 

1.3.2. INDIRECT POINTING DEVICES: 


Indirect pointing devices eliminate hand-* f at igue and 
hand-obscuring the screen problems but must overcome the 
problem of nondirect control. Indirect control devices 
require more cognitive^ processing and hand-eye coordinat:! on 
to bring the onscreen cursor to the desired target. 

The mouse concept is appealing (Lu, 1984) because the 
hand rests in a comfortable position, buttons on the mouse 



Menu selection systems are attractive, because they can 
eliminate training and memorisation of complex command 
sequences. Uhen the menu items are written using familiar 
terminology, users can select an item easily and indicate 
their choice with one or two key presses or use of a 
pointing device. This simplified interaction style reduces 
the possibility of keying errors and structures the task to 
guide the novice and intermittent user. The users read a 
list of items, select the one most appropriate to their 
task, initiate the action and observe the effect. If the 
terminology and meaning of the items are understandable and 
distinct, then the users can accomplish their task with 
little learning or memorisation and few key strokes. The 
greatest benefit may be that there is a clear structure to 
decision making since only a few choices are presented at a 
t ime . 

Menu selection applications (Fig. 1.1) range from 

trivial choices between two items to complex videotex system 
with 300,000 screens. The simplest applications consist of a 
single menu, but even with this limitation there are many 
variations. The second group of applications includes a 
linear sequence of menu selections; the progression of menus 
is independent of the user^'s choice. Strict tree structures 
make up the third group, which is the most common situation. 
Acyclic (menus which are reachable by more than one path) 
and cyclic (menus with meaningful paths that allow users to 
repeat menus) networks constitute the fourth gro-up. 



Linear Sequence 


Tree Structure 



Acyclic Network 


Cyclic Network 


FIG-M MENU STRUCTURES 

(From Dosiyning the User Int^rf :CO 
by Ben Shneiderman, 1'3B6) 
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are easily pressed, even long motions can be rapid, and 
positioning can be very precise. However, the mouse must be 
picked up to begin work, desk space is consumed, the mouse 
wire can be distracting, pickup and replace actions^ are 
necessory for long motions, and some practice is required to 
develop ski 1 1 . 

The trackball concept has sometimes been described as 
an upside down mouse. It is implemented as a rotating ball 
two to six inches in diameter that moves a cursor on the 
screen as the ball is moved. 

The joystick concept came as automobile and aircraft 
control devices. Joysticks are appealing for tracking 
purposes, i.e., to follow a moving object on a screen, in 
part because of the relatively small displacements necessary 
to move a cursor and the ease of direction changes. 

The graphics tablet concept is to have a touch 
sensitive surface separate from the screen, usually flat on 
the table or in the user's lap. This allows for a 
comfortable hand position and keeps the users' hands off the 
screen . 

1.4 SELECTION OF POINTING DEVICE FOR HENU MAKING 

Due to the availability of the menu-maker software 
'TRUEKOUSE' along with mouse, mouse has been chosen as 
pointing device. 



1.5 OBJECTIVES OF THE STUDY 


The main objective of the study is to study and 
illustrate the capability of interactive programs and to 
deve-lop menu based int eract ive j>rograms to demonstrate these 
capabilities . 

1.6 SCOPE OF THE STUDY 

Though there are many menu building software, because 
of the availability of the TRUEMOUSE, it is proposed to use 
this software in the present study. A limited number of 
programs have been developed to demonstrate its use, viz., 
Frequency analysis program and Unit Hydrograph analysis 
program . 

1.7 ORGANISATION OF THE STUDY 

The present study is reported as follows ~ 

1. Introduction to menubased interactive programs 
and their development through menu building 
softare are reported in Chap. 1. 

2. A brief description of Truemouse software, its 
operation and its use in this study are reported 
in Chap. 2. 

3. Development^ of a menubased interactive program 

using the menu making capabilities of Truemouse 
software for frequency analysis and its 

application is reported in Chap. 3. 



Development of a menubased interactive profiram 
using the menu making capabilities of Truemouse 
software for unit hydrograph and its application 
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4 . 


is reported in Chap. 4. 

5. Summary, conclusions and suggestions for 
work are reported in Chap. 5. 


f utur e 



CHAPTER - 2 


TRUEMOUSE SOFTUARE 


2.1 INTRODUCTION: 


The mouse is a hand held device. It can thus be used as 
a pointing device that provides a user-friendly interface 
for all computer applications. The mouse concept is 
appealing because the hand rests in a comfrotable position, 
buttons on the mouse are easily pressed, even long motions 


can 

be 

rapid 

, and positioning can be 

very precise 

It 

has 

two 

or 

three 

buttons and is moved on 

a surface to 

move 

the 

cursor 

on 

the screen. With its 

speed, accurary 

and 


simplicity the mouse has become an indispens ibl e part in the 
work environment of computers. It also facilitates user 
interaction during program execution. 


Operation of the mouse is mainly based on the movement 
of the cursor and selection of an object or a command of 
interest. Cursor movement or selection can be done by using 
either keyboard or mouse. 


User can use four arrow 
cursor is moved from item to 
to character except if it is 
is done by placing the cursor 
pressing the RETURN Key. 


keys to move the cursor . The 
item instead of from character 
in a selected object. Selection 
in the object of interest and 
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The cursor moves character by character according to 
the mouse movement. Selection is made by pressing one mouse 


button . 

The Keyboard can 

also 

be 

used at 

the same time. 

The 

mouse 

is a more ’direct’ 

tool 

to 

locat e 

the cursor on 

the 


item of interest quickly. 


A mouse generally provides the following functions: 

1. CLICKING FUNCTION: Clicking of mouse buttons is 
required to make a selection, 

2. CURSOR nOVENENT CONTROL: To replace the very rigid 
cursor control on the key board and, 

3. GRAPHIC APPLICATION: To draw easily various lines, 
arcs, circles, polygons, squares and so on. 


Truemouse is a software developed by Tru 
Technology Corporation to use with PC-raouse or Hi 
mouse. Model TX 3000 has been used in the study. Tr 
was developed to enhance the basic mouse functions: 


e Dox 
croso f t 
uemous e 


a. More accurate and responsive cursor control 

b. Di.stortion free drawing ability 

c. Complete compatibility with the major mouse systems 
currently available, and 

d. Dynamic resolution 

Truemouse Provides full support for advanced 


applications : 
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a. Truemouse driver support with complete technical 
documentation . 

b. complete set of commands; generates various mouse 
working modes for advanced programming; and 

c. pop-up menu compiler suport. 

2 . 2 COMPATIBILITY: 

Table 2.1 gives the hardware compatibility list 
(Truemouse User’s Manual) 


Table 2.1. Hardware compatibility list 


Mouse mode 

Tx 300 

Tx 3000 

Ps 4000 

Ps 401 

Microsoft serial 
Mouse 

yes 

(default) 

yes 

(default) 

yes 

( default ) 

yes 

PC Mouse 

yes 

yes 

yes 

no 

PS/2 Mouse 

no 

no 

yes 

( default ) 

yes 

(default) 


TRUEMOUSE driver provides a unique function for 
hardware compatibility. AUTO -SWITCH IMG COMPATIBILITY, which 
is to let your mouse work directly as either Microsoft 
serial mouse or PC mouse without any mouse mode presetting- 
just simply load the TRUEMOUSE driver and -run the program. 
This means that when TRUEMOUSE is used with mouse-based 



application software (e.ft. Auto CAD, US Windows etcO the PC 
mouse mode or Microsoft serial mouse mode may be chosen. 
Then the TRUEMOUSE will automatically switch to that 
particular mouse mode and work with the application program. 

b. Software compatibility: Truemouse driver is fully 

compatible with the industry standards, Microsoft serial 
mouse driver and PC mouse driver. One can use TRUEMOUSE with 
its driver to run all the programs that need Microsoft 
driver or PC mouse driver as the interface. 

2.2.1 SYSTEM REQUIREMENT: 

One must have atteast one of the items in each of the 
following categories in order to run the TRUEMOUSE. 

1. Personal Computer 

IBM PC, PC/XT, PC/AT, PS/2 or 100^: compatible, which 
contains : 

a. 1 disk drive, 2 disk drives, or hard disk. 

b. 256K of RAM 

c. RS- 232 C Serial Interface card (for serial mouse) 

2. DISPLAY ADAPTOR: 

a. IBM colour graphics Adapter, or 

b. IBM Monochrome Display Adapter, or 
IBM Enhanced Graphics Adapter, or 
Hercules Monochrome Graphics Adapter 


d. 
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2.3. INSTALLING THE HOUSE; 

This section provides instructions for installing the 
mouse handware and software. 

a- HARDWARE INSTALLATION: 

1. Turn off computer 

2. Locate a RS-232 C port (com 1 or com 2) or PS/2 
mouse port on the rear panel of computer. 

3. Insert the mouse connector of the mouse into 
the mouse port. Then tighten the screws on the 
mouse connector. 

b. SOFTWARE INSTALLATION: 

1. Using TRUEMOUSE with non-mouse based software 

a. Install the TRUEHOUSE driver - 

Filename : TRUEHOUSE. COM 

b. Use setup utility to set TRUEMOUSE into PC Mouse 
mode to activate all 3 buttons of mouse: 

FILENAME ; SETUP. COM 

c. Switch on the Pop-up menu by file MENU-EXE 
Example : MENU TRU - <FREQ> 

The Pop-up menu is ready after the 'MENU ON’ 
message appears on the screen. 

Start the application program now the mouse can handle 
most of commands for which one previously used the keyboard 


to do the jobs. 



2 . 
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Using TROEMOUSE with mouse based software 

a. Install the TRUEMOUSE driver - 

Filename : TRUEMOUSE 

b. When driver installation is compute message appears, 
then use software package. 

C > <Filename> 

2.4 TRUEMOUSE PACKAGE CONTENTS: 

Truemouse package contents are given in the Table 2.2 
2.. 5 CREATING POP-UP MEND FOR NON-MOUSE BASED APPLICATIONS: 

TRUEMOUSE software is designed to make pop-up menu for 
non-mouse based applications. To create pop-up menu one must 
proceed according to the following steps: 

1. Use word processor or Editor which is compatible 
with DOC text file format (e.g. PE 2, Professional Editor, 
Word Star, word perfect, etc.) to create a menu source 
file, with an extension name of DEF. 

2. Use Menumaker compiler file: 

MAKEMNU. EXE to compile source file 

[SYNTAX] : Makemnu filename <ENTER> 

2.5.1 MEND LANGUAGE STATEMENTS: 

Commands which assign different functions to generate 
pop-up menu are needed to work with the mouse. TRUEMOUSE 
menu maRer has differrent commands to do the job. A set of 
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TABLE 2.2 Truemouse Package Contents 

(From Truemouse user manual) 


O D E L No. 


TX300 TX3000 


PS4000 PS4Q1 


/VAouse (‘vAoduIe 


Yes 


Y es 


Yes 


Yes 


User's Manual 

Programmer's & 
Compiler's Manual 

Arouse Pad 

tAou'in P o c k 0 1 


Yes 

Yes 

Yes 

Yes 

No 

Yos 

Yes 

Yes 

Yos 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yos 

Yes 

Yes 

Yos 

Y os 

Yos 

Yes 

Yos 

Yos 

No 

Yes 

Y es 

Yfis 

No 

Yes 

Yes 

Yes 

Yes 

Y es 

Yes 

Y es 

Yes 

Y es 

Y es 

Y es 

No ' 

Yes 

Y es 

Yes 

Yes 

Y es 

Yes 

Yes 















statements constitute the program. Different commands, 
command descriptions, statement format and error messages of 
TRDEMOUSE are given in appendix A. 
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2.6 TROEMOOSE APPLICATIONS IN WATER RESODRSES: 

TRUEMOUSE is designed to make single or multiple column 
pop-up menu for converting non-mouse based applications to 
mouse based interactive applications. The TRUEMOUSE provides 
the compatibility with the non-mouse based application 
programs. Hence TRUEMOUSE can also be used in Water 
Resources. One can make programs menu based and the 
functions and controls which were done earlier using 
keyboard, can now be done with the help of mouse. In this 
study, two programs, i.e., Frequency analysis program and 
Unit Hydrograph analysis program are done menu based. 
Separate menus are prepared for Frequency analysis and Unit 
Hydrograph methods . One can go to the main menu and from 
there one can select the required option. 

These example-s are used to illustrate the advantages of 
menu based interactive applications in Hydrology and Water 


Resources . 
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CHAPTER - 3 

MENU BASED FREQUENCY ANALYSIS PROGRAM 

3.1 INTRODUCTION 

Hydrologic processes evolve in space and time in a 
manner that is partly predictable, or deterministic, and 
partly random. Such a process is called stochastic or 
probabilistic process. So a stochastic or ’probabilistic’ 
model is one involving random variables having distributions 
in probability and whose outputs are predictable only in a 
statistical sense. 

Hydrologic events are sometimes impacted by extreme 
events, such as severe storms, floods and droughts. The 
magnitude of an extreme event is inversly related to its 
frequency of occurance, very severe events occuring less 
frequently than more moderate events. The objective of 
frequency analysis of hydrologic data is to relate the 
magnitude of extreme events to their frequency of occurance 
through the use of probability distribution. "RISK” may be 
defined as exposure to an undesirable event. ’Probability’ 
is a measure of risk. 

The basic objective in the use of statistical methods 
and statistical distributions is the analysis of outcomes of 
real observations of random phenomena. In the process of 



solving practical statistical problems. The following steps 
are generally required: 


20 


i. Selection of a statistical distribution 

ii. Estimation of its parameter 

iii. Testing the goodness of fit 

iv. Prediction of floods with specified frequency using the 
fitted distribution. 

3.2 TERHINOLOGY: 

i. Population: It encompasses all possible values an 

event can take. 

ii. Sample data: Sample data are the available data from 
the observations of a process in terms of the value 
of the variable characteristics. 

iii. Random Sample: A random sample is taken from the 
population in such a way that every possible sample, 
drawn in a specified manner, has an equal chance of 
being chosen. 

iv. Recurrence Interval: T years recurrance interval or 
return period means an event which may be equalled or 
exceeded, on an average, once in T years. 

vi. Standard error of estimate: It is a measure of the 
standard deviation of event magnitudes computed form 
samples about the true event magnitude 

vii. Hean: It is a measure of central tendency of the data 


and is given by 



21 


where 
sampl e 

vi i i - 


ix. 

X. 


xi - 


IN 

X = - £ Xi 

N i = l 


(Eq« 3«1) 


Xj^, i = 1,2 N, represents N 

values and N is the sample size. 


Standard deviation: Standard deviation is a measure of 
the variability of the data series about the mean. The 
unbiased estimate of the standard deviation is given 
by: 

N 

3 ^ = C E Cxi-x)^ / (Sq. 3 . 2 ) 

i = 1 

Variance: Variance is the square of standard deviation. 
Coefficient of Variation: It is a dimensionless 
parameter, sometimes used as a r egional isat ion 
parameter, defined as 

= 3 ^ /X (Eq. 3 . 3 ) 

Coefficient of skewness: It is a measure of the 
symmetry of the empirical distribution of the sample 
data. The unbiased estimate of the coefficient of 
skewness is given by 

N _3 

N 2 (Xj. - 5:) 

r=i 


(Eq • 3 • 4 ) 
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xii. Standard error of statistical parameters: The 

statistical parameter such as mean, standard 
deviation, co-efficient of skewness calculated from 
the data sample) are not the true values of the 

population parameters. The standard errors associated 
with these parameters are given by equations: 

Se Cx) = Ox/ '/u (Hq. 3.5) 

Sg. C x) = N (Eq. 3.6) 

Se CC 3 ) = gN(N-l)/CCN-2)CN+l)CN+3)) (Sq. 3. 

with Sg(x), SgC<S’x) and S^CCg) being respectively the 
standard errors of mean, standard deviation and co-efficient 
o f skewness . 

3.3. STRUCTURE OF THE MENU BASED PROGRAM 

The structure of the program is as follows: 

i. The program sorts out the data for a particular 
season. In the case of time series of mon-thly data 
the program sorts out the data for each month while 
in the case of weekly data, the data for each week are 
separat ed . 

ii. The program arranges the seasonal data in descending 
order. 

iii. Now depending upon the user's option, the various 
transformations may be applied to the ordered data. 
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When data ar© ©uch that they need complex probability 
distributions and fitting these distributions is difficult, 
one transforms the data into a simpler form using one or 
more trans f ormat ions . Generally transformations are used to 
normalise the data so that they have a near Normal or 
Gaussian distribution . 

3.3.1. INTERACTIVE PROGRAM (NON MOUSE BASED) 

A. MAIN PROGRAM 

A noninteractive computer program written in Fortran 
language for frequency analysis was available for the 
study. The program was modified in terms of the subroutines 
and interaction particularly in the main program. User gives 
the choice of the distribution and according to one’s choice 
various subroutine programmes are called to fit a 
distr ibut ion . 

SUBROUTINES 

Different subroutines are written for different 
transformations. The subroutines are as follows: 

IPT 

This subroutine uses the followins equation (Uilson- 
Hilferty Transformation) to normalise the data assumed to be 
originally Gamma distributed. 
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where : 

X : Original series 

^ : Kean of the original series 

0 : Standard deviation of original series 

C 3 : Co-efficient of skewness of original series 

Y : Pearson type III transformed series 

2 . LOGTRAN 

This subroutine converts the original series into log 
transf ormed series , 

Y = Log X (2q. 3*9) 

Y : Log transformed series 
X : Original Series 

3. LT 

This subroutine is used for Log Normal distribution. 
Parameters of the log transformed seris are calculated on 
the basis of following theoretical relationships: 

Hy = - 0.5 lofi + 1> (Eq. 3.10) 

ay = {lofi CC y (Sq. 3.11) 

where: 

p. y : Mean of log transformed series 

O : Standard deviation of the log transformed series 

y 
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4 . SQ TRAN 

This subroutine takes the square root of the original 
series to transform the original series. 

5 . PARA 

This subroutine calculates the various statistical 
parameters, viz., mean, standard deviation and skewness of 
the data given. 

6. CHISQRT 

2 

The subroutine computes x statistic and the degrees 
of freedom. 

The goodness of fit of a probability distribution can 

be tested by comparing the theoretical and sample values of 

the relative frequency or the cumulative frequency function. 

2 

In the case of relative frequency function, the test is 

used . 

2 2 

To describe the y test, the y probability 

2 . . - 

distribution must be defined. A y distribution witho^ 
degrees of freedom is the distribution for the sum of 
squares of independent standard normal random variables 

this sum is the random variable. 

X ^ ^ Zi^ (Eq. 3»12) 

i = l 



26 


In yZ test, V = ni-p-1 , m is the number of class 
intervals, and p is the number of parameters used in fitting 
the proposed distribution . 

7 . CDFN 

This subroutine calculates cummulative frequency 
function for normal distribution with mean p, and standard 
deviation a- 

8 . STVAR 

This subroutine calculates standard normal variate 
corresponding to a given probability. 

9 . SSORT 

This subroutine arranges the data in the descending 
order . 

10. URIT 

This subroutine writes the 
parameters, viz. , mean, standard 
different seasonal data. 

3 . 4 DEVELOPMENT OF MENU BASED PROGRAM 

A program is written to develop pop-up menu for 
Frequency analysis. Program is developed in the following 


values of statistical 
deviation, skewness of 


way: 



Ci3 All the mouse parameters have been defined using BEGIN 
statement as given in Appendix A. 

Cii) A main menu has been prepared in which various options 
for sub menus are given. Hain menu has been developed 
using the 'MENU’ command. The syntax is given in 
Appendix A. (iii) Options of Main menu are sub menus 
or commands, sub menus are as follows; 


a. INSTRUCTIONS 

Instructions are given in this sub menu for the user. 
This submenu appears on the screen when the user brings the 
cursor to the 'Instruction' option of the Main menu and 
clicks the mouse left button. 


■========-===== INSTRUCTIONS ==“================ 

IF YOU WANT YOUR RESULTS TO COME IN NEW FILE 
"^HEN ^CU HAVE TO RENAIffi YOUR FIRST OUTPUT FILE 
OTHERWISE ALL RESULTS WILL COME IN SINGLE FILS 


b. PROBABILITY DISTRIBUTIONS 

This sub menu appears on the screen when the user 
clicks the left mouse button after bringing the cursor to 
the 'Probability Distribution’ option in the Main menu. 
This sub menu" contains the various probability 
distributions, and their output file names. User can choose 
respective output files for different probability 


distributions for their output. 
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This pop-up sub menu also has the option to terminate 
the execution of the program and to go to the main menu. 


^=======================P0P-iIP MENU==== 


! DISTRIBOTION TYPE ODTPOT FILES 

NORMAL DISTRIBUTION NOEMD.OUT 

I INVERSE PEARSON TRANS INPDS.ODT 

SQDAREROOT TRANS SQRTE.OUT 

!LOG NORMAL DIS(MLE) ' LOGNR.OUT 

PEARSION DISTRIBUTION PEARS. OUT 

I LOG TRANSFORMAT ION (MOM) LOGTR.OUT 

I 

^ 


'STOP THE PROGRAM MAIN MENU 


VIEW OUTPUT FILES 
NORMD'. OUT 
INPDS . OUT 
SQRTE . OUT 
LOGNR . OUT 
PEARS. OUT 
LOGTR . OUT 


Details for writing the menu making program is given in 
Appendix A. 

Listing of the menu making program is given in 
Appendix B. 


3.5 APPLICATIONS 

3.5.1. SYSTEM 

The pop — up menu has been developed on PC/XT. 

Application program has been run on the same system. 

3.5.2 INITIAL START UP 

To start the application of the program, one has to 
open an input file. Input file contains: 

i. Name of the program. • 

ii. Total number of data values, number of seasons. 
NPT, lALT 

iii. Actual Data 
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If input file satisfies the above requirements, invoke 
the truemouse software for application. To execute the pop- 
up menu for the Frequency analysis program, use menu maker 
execution file MEND FREQ. Now MEND ON ! message appears- on 
the screen and pop-up menu is ready to use. Now run the 
FREQ. FOR program with the help of mouse. 

.3.5.3. ANALYSIS AND DISCUSSION OF RESULT: 

The input file named STREAM.DAT has been opened. The 
data are given for 17 years. Input Data (monthly data for 
17 years) are given in Table 3.1, Seasonal analysis of the 
given data is done using the FREQ. FOR program using the 
menus. Various distributions are fitted to the given data 
to see which distribution fits the data be.st. 

The .seasonal averages, seasonal standard deviations, 
seasonal coefficient of skewness, chi square statistic, and 
number of degrees of freedom have been computed for the 
given sesonal values applying different probability 
distributions . 

The ^ statistic for different distributions for 

various months are tabulated in Table 3.2. 

O 

It may be noted that the theoretical statistic for 

3 degrees of freedom at 95% confidence level is 7.815. The 

^ statistic for months of June, November, January to 
April are much higher indicating perhaps the effect of small 
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TABLE 3. 1 


INPUT DATA FOR FREQUENCY ANALYSIS PROGRAM 


FREQUENCY ANALYSIS OF STREAMFLOW DATA 
204 12 7 1 


1 . 

80 

1 . 

80 

1 . 

80 

1 . 

80 

1 . 

80 

1 . 

80 

1 . 

80 

1 . 

80 

1 . 

80 

1 . 

80 

1 . 

80 

1 . 

80 

8 , 

91 

13 , 

. 35 

13 , 

. 13 

2 . 

, 46 

1 , 

, 55 

0 . 

76 

0 . 

45 

0 . 

31 

0 . 

25 

0 . 

15 

0 . 

11 

0 . 

29 

4 . 

46 

7 . 

97 

13 . 

11 

3 . 

78 

1 . 

29 

0 . 

49 

0 . 

28 

0 . 

21 

0 . 

26 

0 . 

16 

0 . 

13 

0 - 

15 

4 , 

87 

10 

. 81 

7 . 

. 94 

1 , 

. 17 

0 , 

. 50 

0 . 

33 

0 . 

31 

0 . 

20 

0 . 

17 

0 . 

31 

0 . 

13 

0 . 

28 

1 . 

77 

7 . 

06 

1 . 

47 

1 . 

16 

0 . 

42 

0 . 

26 

0 . 

20 

0 . 

14 

0 . 

13 

0 . 

08 

0 . 

06 

0 . 

44 

4 , 

42 

12 , 

.88 

4 , 

. 80 

0 , 

, 83 

0 , 

,34 

0 . 

24 

0 . 

, 21 

0 . 

, 15 

0 . 

13 

0 . 

,08 

0 . 

06 

0 . 

,07 

4 . 

95 

13 . 

92 

4 . 

21 

0 . 

97 

0 . 

38 

0 . 

28 

0 . 

20 

0 . 

14 

0 . 

09 

0 . 

07 

0 . 

06 

0 - 

12 

3 , 

27 

5 , 

. 69 

14 . 

. 88 

2 , 

,63 

0 , 

. 83 

0 . 

41 

0 , 

,26 

0 . 

18 

0 . 

10 

0 . 

.07 

0 . 

05 

0 , 

.59 

2 . 

53 

10 . 

,63 

18 . 

36 

7 . 

01 

1 . 

17 

0 . 

55 

0 . 

35 

0 . 

23 

0 . 

17 

0 . 

12 

0 . 

09 

0 . 

91 

11 , 

86 

14 , 

. 21 

7 . 

. 64 

2 , 

, 88 

1 , 

.81 

0 . 

, 67 

0 . 

,58 

0 , 

34 

0 . 

31 

0 . 

..30 

0 , 

. 14 

0 , 

.50 

3 . 

22 

9 . 

65 

5 . 

47 

0 . 

93 

0 . 

43 

0 . 

28 

0 . 

22 

0 . 

16 

0 . 

17 

0 . 

09 

0 . 

07 

0 . 

21 

4 . 

61 

7 

. 77 

9 , 

. 72 

4 , 

. 24 

1 , 

.21 

0 , 

,49 

0 . 

.31 

0 . 

. 22 

0 , 

, 16 

0 , 

, 10 

0 . 

, 71 

0 . 

. 16 

11 . 

00 

16 . 

34 

15 . 

63 

3 . 

36 

1 . 

,00 

0 . 

51 

0 . 

52 

0 . 

29 

0 . 

23 

0 . 

13 

0 . 

, 20 

0 . 

26 

4 , 

34 

16 , 

.68 

3 

.11 

O 

. 

. 54 

0 

. 74 

0 , 

,49 

0 , 

.34 

0 , 

.29 

0 , 

, 18 

0 , 

. 13 

0 , 

. 10 

0 . 

.60 

10 . 

28 

12 . 

12 

25 . 

32 

6 . 

63 

1 . 

,41 

0 . 

76 

0 . 

53 

0 . 

36 

0 . 

29 

0 . 

22 

0 . 

14 

0 . 

. 11 

3 

13 

5 , 

. 52 

12 

. 19 

1 

.64 

0 

.66 

0 , 

, 77 

0 . 

.36 

0 

. 23 

0 . 

, 19 

0 

. 12 

0 . 

.08 

0 

.25 

1 . 

88 

9 . 

78 

9 . 

, 71 

1 . 

,31 

0 . 

.53 

0 . 

35 

0 . 

24 

0 . 

.18 

0 . 

17 

0 . 

,10 

0 . 

.08 

0 . 

. 40 

8 

.58 

9 

. 35 

5 

.95 

2 

.22 

0 

.62 

0 , 

.36 

0 

.27 

0 

. 15 

0 . 

. 13 

0 

. 11 

0 , 

.07 

0 . 

. 17 
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TABLE 3«2 


Theoretical Chi square value 7 ^ { 95% , 3D0F) = 7.815 
~ values for different distributions 


Month 

Normal 
Dist . 

Sqrt . 

Transform. 

Pearson 

Dist. 

Log 

Pearson 

Dist. 

June 

10.877 

1 47.640 

1 10.877 

- 90.403 

July 

2.626 

; 78.400 

2.626 

I 90.403 

August 

2.626 

; 57.395 

2.626 

90.403 

September 

8.622 

: 19.884 1 

8.622 

67. 896 

October 

■ 2.629 

15.379 

2.829 

22.828 

November 

1.3. 121 

31.926 i 

13.121 

31 . 121 

December 

16. 121 

39.436 ; 

16.121 i 

42.371 

January 

.32.621 

49.197 

32.621 

78.371 

Februarji' 

39.371 1 

49.197 1 

39.371 

78. 371 

March 

57.371 i 

42.436 1 

57.371 

78. 371 

April 

57.371 i 

40.936 

57.371 

56.621 

Mas*’ 

12.371 i 

i 

24.417 

1 

12.371 

37.121 


Log 

Normal 

(MOM) 


Parameters of Fitted Distribution 
(Log Normal Distribution) 


Month 

Average 

f "" " "■ " •' 

Standard 

Deviatiorr 

Co-efficient of 
Skewness 

July 

4. 12? 

. 378 

-.312 

August 

2.118 

. 593 

. 737 

Septenber 

. 780 

. 634 

1.314 

October 

-.181 

.499 

.439 

December 

-1.157 

' .764 

i 

3.453 

May 

j 

-1.212 

,830 

J 

2.516 

1 
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samples size, viz., 17 values in five classes give around 3 
value per class on average as against five value per class 
recommended for the analysis. For July and October, normal 
distribution and for August, September, December and May log 

normal distribution indicate the minimum value. However 

‘7 

for the month of July and October, values for log normal 

distribution indicate a good fit at 95i: confidence level. 
Hence for consistency among the seasons a log normal 
distribution can be considered to be good fit In the monsoon 
months of July to October, December and also for May. 
distribution is found to fit for other months at 
confidence level. 

Parameters of fitted distribution are shown in Table 
3.2. Analysis results are shown in Table 3.3. 

3.5.4. CONCLUSION 

Use of pop up menu for interactive program makes the 
execution of the program simple. Here one has not to 
remember the different options. Different options appear on 
the screen in the form of pop-up menu with the help of mouse. 
One has to select the desired option. 

Thus the use of menu based interactive program along 
with mouse makes the execution of the program easy. 


No 

95 ^ 
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CHAPTER - 4 

MENU BASED UNIT HYDROGRAPH PROGRAMS 

4.1 INTRODUCTION 

The estimation of flood flows resulting from the 
rainfall is required in the planning, design and operation 
of water r esour c es pro j ect s . The unit hydrograph technique 
is a simple tool being used by most of the water resources 
development organisations in different countries for 
estimation of direct surface runoff. Unit hydrograph, by 
definition, is the direct surface runoff hydrograph that 
would be observed at the outlet of the drainage area as a 
result of unit rainfall excess falling over the catchment, 
with a specified distribution, say uniform in space and 
uniformly in time within the specified duration. The unit 
hydrograph technique assumes the catchment as a linear 
system which transforms the rainfall input into direct 
surface runoff as an output. If is well known that the 
assumption of linearity involved in the unit hydrograph 
technique does not accurately apply for the natural water 
sheds. Inspite of the assumptron of linearity, analysis of 
field data indicates that the unit hydrograph derived from 
different storms are not identical and are sensitive to data 
errore-. Inspite of its limitations, unit hydrograph is a 



powerful and practical tool for predictinc flood flows if it 
is applied with care and proper judgement. 
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4.2 DIFFERENT UH METHODS 

Various techniques are available in the literature for 
deriving the unit hydrograph. Nearly all of them have some 
limitations. In selecting a particular technique for the 
derivation of unit hydrograph it is preferable to satisfy 
amongst others, the following requirements: 

Ci) The unit hydrograph ordinates are all positive. 

(ii) The shape of the UH is preserved. 

(iii) The errors in inpur data are not amplified during 
the unit hydrograph derivation. 

(iv) The method is capable of admitting a number of 
events simultaneously for the unit hydrograph 
derivation. 

(v) Computationally, the method is simple, efficient 
and easily programmable. 

Each technique has its strengths and weaknesses and 
does not satisfy all the above requirements. 

The unit hydrograph is basically a multiplier which 
converts the excess rainfall to direct isurface runoff. ^hus 
it can be said that the UH only deals with the direct 
surface runoff and excess rainfall. Therefore, the baseflow 
must be separated from the stream flow hydrograph and 
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losses must be s^ccounted for from the average rainfall 
hyetograph in order to get the direct surface runoff 
hydrograph and excess rainfall hyetograph respect ively . 

4.2.1 TERHINOLOGY 

(i) Unit Hydrograph: It is a hydrograph of direct 

surface runoff resulting from unit excess 
rainfall falling uniformly over the catchment in 
space and time for a specified duration. 

(ii) Instantaneous Unit Hydrograph: It is a UH for 

rainfall of infinitesimally small duration. 

(iii) Excess (or effetive) Rainfall: The part of the 
rainfall which appears over the surface as runoff 
and later on contributes to the stream flow of 
the catchment . 

(iv) Base Flow: It is that contribution to a stream 

flow ^hydrograph which results not from the 
rainfall, but from releases of water from 
essentially ground water storage. 

(v) Direct Surface Runoff: It is that portion of 

runoff which results at the catchment outlet due 
to excess rainfall. 

(vi) Linear Reservoir: Conceived elements in the basin 
in which storage is assumed to be directly 
proportional to the discharge- 
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CviiD Time of Concentration: It is the travel time of 
a water particle from the most upstream point in 
the basin to the outflow location. 

Cviii) Model Efficiency: The model efficiency may be 

mathematically defined as; 

E = CFq - F^)/ Fq 
n 

- Fq = S (Qo Ci) - 

i = l 

' 2 
Fi = 2 CQo Ci) - Qc (i) ) CEq. 4.1c) 

i = l 

where, Qq (i) and (i) are ith values of 
observed and computed discharges respectively, Q 
is the mean of n values of observed discharges, E 
is the model efficiency, Fq is the sum of the 
squares of the differences between observed 
discharges and mean discharge, and is the sum 

of squares of the differences between observed 
discharges and computed discharges using the 
model . 

(ix) Average Standard Error: It is the root mean 

squared sum of differences between observed and 


(Eq. 4,1a) 

(Eq. 4.1b) 


computed hydrographs . 



4C 


Cx) Average Absolute Error: It is the average of the 
absolute values of the differences between 
observed and computed hydrographs. 

(xi) Average Percentage Absolute Error: It is the 
average- of the absolute values of percent 
differences between computed and observed 
hydrograph ordinates. 

(xii) Percentage Absolute Error in Peak: It is the 

ratio of the absolute difference in observed and 
computed peak and observed peak. 

Cxiii) Percentage Absolute Error in Time to Peak: It is 
the ratio of the absolute difference between 
observed and computed time to peak and observed 
time to peak. 

(xiv) Objective Function: It is the sum of the squares 
of the differences between observed and computed 
discharges as given in Eq.lc. 

4.2.2. COUPUTATION OF DISCHARGE AND RATING CURVE ANALYSIS 

Ci) Stage Discharge Relationship: 

Generally a single valued relationship between 
the stage and the discharge expressed in the 
following form is developed for those streams and 
' rivers which exhibit permanent control: 

Q = a(G-eD^ CEq. 4 .2) 
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where , 

Q = Storm discharge (m /s) 

G = Gauge ht or stage (m) 
e = a constant which represents the 
gaiige reading corresponding to zero discharge C®) 
The best values of a and b in Eq.4.2 for a 
given range of stage are obtained by the least 
squares method. 

A computer program RATING. FOR is used for 
developing the stage discharge curve relationship 
using the least squares method and making a trial 
and error search for the unknown constant e. 

4.2.3. CONVERSION OF STAGE VALUES TO CORRESPONDING 
DISCHARGE VALUES: 

Using the stage discharge relationship the coefficients 
a,b and the constant e are determined from observed stage 

and corresponding discharge values using least squares 

method (Sec. ~4 . 2 . 2 ) . 

If a,b and e are known, Eq.4.2 may be used to compute 

the values of the discharge corresponding to the various 

stage values. The use of Eq.4-2 for converting the stage 
into discharge should, as for as possible, be avoided in the 
extrapolation range. 

A computer program GAUGE. FOR is able to convert the 
given gauge values inot corresponding discharge values using 
the stage discharge relationship Eq.4.2. 
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4.2.4. ESTIMATION OF EFFECTIVE RAINFALL AND DIRECT SURFACE 
RUNOFF: 

(i) The method used here for baseflov separation is 
by a.ssuming a constant baseflow. Program LOSS.FOR 
computes the average rainfall over the basis; and 
then the excess rainfall hyetograph after 
accounting for the hydrologic abstractions using 
index method so that the volumes of effective 
rainfall and DSRO are equal. 

(ii) Computation of excess rainfall hyetograph after 
accounting for the hydrologic abstractions is 
done by using Corps of Engrs Procedure wherein 
separation of effective rainfall is done station- 
wise and the average effective rainfall is 
calculated by the Thiessen method (Program 
RFSEP.FOR). It also separates the base flow from 
the discharge hydrograph. 

4.2.5. UNIT HYDROGRAPH DERIVATION: 

1. EXACT METHOD 

a. Matrix Inverse Method: 

Let us define , l2 I^ to be the 

quantities of effective rainfall in intervals of D beginning 
t “ On i.e.f is the am ount of effective raxnfall xn 

the time interval between Ci"“l) D and xD; h 2 
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are the ordinates of the UH of duration D at intervals D 
starting with h^ at time D of effective rainfall and 

Q2 Qn ordinates of direct runoff hydrograph 

per unit watershed area at intervals at D beginning at t =0 
l.e., Q| is at t=iD. By definition, 

Qq = 0 
Q 1 ~ 

^2 ”^ 2 ^ 1 '*’ ^ 1^2 


Q3 = 

I3 h 

1 + I2 h 

2 + I 

1 ^3 





K + n -1 






Qk + h- 

1 ~ 

E 

hi I 

K+n-i 


CEq. 4 

. 3 ) 



i = 1 






Aft ernat i vely , 

this can 

also 

- be written 

as 


<Q)n,l = 

nin.: 

n ^ ^ ^ n , 1 







f 1 




0 

0 0 

0~ 


1 

r 

•1 

12 


0 0 

0 

{h} = 


and 


¥ 

^2 

II 0 

0 


‘ 

L 

r 


n 

* 

^2 

0 

1 





K 

% 

^ ^ 2 



^ J 





• 


So, 




— — 





~ nxn <Q)nxl 


2 . HETHOD OF LEAST SQUARES 

The method of least squares is based on minimising the 
sum of the squares of differences between observed 
hydrograph and computed hydrograph ordinates. Using matrix 


notation 
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(Q> = [I] {h} 



where generally, n p-k + 1 

The inverse for the precipitation matrix Cl"^) exists 
and unique only if it is a square matrix with a non 

vanishing determinant. 

By method of least squares, the unit hydrograph matrix 
is obtained as, 

h = Q CEq.4.4) 

3. CONCEPTUAL MODELS 

The representation of UH in terms of large number of 
ordinates is often cumbersome. Particularly when it is 
desired to consider the variation of UH in a basin as a 

function of rainfall characteristics; or among the basins, 

in terms of hydrogeomorphological parameters and 

physiographic characteristics of the basin. In such cases 
it is desirable to fit a functional form to the UH in terms 
of a few parameters. These can inturn be explained in terms 
of conceptual models, differential equations or time series. 
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A- DERIVATION OF UNIT HYDROGRAPH USING NASH MODEL 

Nash considered that the Instantaneous Unit Hydrograph 
can be obtained by routing the inflow through a cascade of 
-linear reservoirs with ecjual storage co- e f f i c i ent . The 
outflow from the first reservoir is considered as inflow to 
the second reservoir and so on. The mathematical equation 
developed from general differential equation for the unit 
hydrograph is given as: 


U(T,t) = (l/T) {I(N.t/K) - I(M, C(t-T)/K))} CEq.4.5) 


wher e , 


UCT.tD 


ICN.t/K) 


I(N, (t-T)/K) 


t^^^ ordinate for the unit hydrograph 
of duration T 

incomplete gamma function of order 
N at (t/K) 

incomplete gamma function of order N 
at Ct-T)/k 


N.K 


= the parameters of Nash Model 


It can be seen from the above equation that the UH of 
duration T may be derived only when the values of two 
parameters, N and K are known. Several methods, namely 
method of moments, method of least squares and optimization 
methods are used for the purpose of the paramenter 
estimation. The unit hydrograph ordinates obtained from the 
above equation are convoluted with excess rainfall in order 
to get the computed direct surface runoff. The equation 
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which relates the excess rainfall, unit hydrograph and 
direct surface runoff is given as: 

n i 

QCi) =2 2 UCj) * X (i-j+l) CEq.4.6) 

i=l j=l 

wher e 

0(1) = direct surface runoff at basin outlet at the 

end of computation interval i, 

UCj) = ordinate of unit hydrograph 

XCi) = average rainfall excess for computational 
interval i, and 

n = no of rainfall excess ordinates. 

This is the same as the last line of Eq.4.3 

ESTIHATION OF PARAMETERS: 

The parameters, N and K, of the Nash model are 
estimated using the following procedure for two methods, 
viz., (i) method of moments, and (ii) method of least 
squares . 

(i) Method of Moments: 

Let r^^^ moment about the origin of' direct siirface 


runoff hydrograph be 
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r 


n’ 


q 


n 

2 

i = l 


n 

2 

i = l 


CCQi + Qi+i)/2) Atcti- At/2)^" 


CCQi Qi + l5/2) At 


n 

2 Qi Cti- A t/2)*-' 

i = l 


n 

2 Qi 

i = l 


(Eq.4.7) 

r equa.! to one and two in the _ above equation gives 
first and second moment about the origin of surface runoff 
hydrograph . 


For the effective rainfall hyetograph, 


r 


M’ 


X 


k 

2 

i = l 


^i A't C^i" At/2) 


k 

2 Xi (t^ - At/2) 
i = l 


k 

2 Xj_ A t 

i = l 


k 

2 A t 

i = l 


(Eq. 4.8) 

where 


Qi 

n 


Xi 

k 

r = 

tj^- A t/2 = 


At = 

Nash (1959) 


Uniform rate of runoff for the 

Number of runoff intervals, 

Effective rainfall for the i^^^ 

Number of rainfall blocks, 
t h 

r moment about the origin 
time to the midpoint of the 
from the origin, 
time interval 

, related moments of input and 


. t h . . 

i int ervai , 


int ervai , 


. th 

i 


int ervai 


output with 


moments of impulse response as follows: 



48 


1 

2 



wh.ere , 


= NK {Eq.4.9) 

2M'x = N(N+1)k 2 +2NK (Eq.4.10) 


q and 2 ^’ ^ = first and second moment. about the 

origin of the direct surface runoff 
hydrograph respectively, 

^ and 2 ^’ - first and second moment about the 

origin of the effective rainfall 
hyetograph respectively. 

j_M’ ^ and 2^* u ~ first and second moment about the 

origin of OH ordinates respetively. 


It is known that for the Hash Hodei, 



ti 


= H(N+1)K‘ 


Substituting the values of moments in Eqs.4.9 and 4.10 
and solving these equations, the values of parameters N and 
K are obtained. The computer program NASHM.FOR uses this 
procedure to estimate the parameters H and K. 

(ii) METHOD OF LEAST SQDAJaES (OPTIMISATION TECHNIQUE)-. 

In this method the paramenters are e.stimated by a 
suitable error criterion, say, minimising the sum of the 
squares of differences between observed and computed 
hydrographs using data of all storms used in calibration. 
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There exists a plethora of optimisation methods (Rosen 
brock, 1960; Palmer, 1969; Decoursey and Snyder, 1969; 
Sorooshian and Gupta, 1983) which can be used to estimate 
model parameters. All optimisation methods require 
specification of an objective function or error criterion. 
The program requires some initial estimate of parameters, 

N and K, and estimates the parameters by searching in the 
direction of steepest gradient of the objective function for 
its minimum value. 

The computer program CONTI. FOR developed by NIH, 
Roorkee, uses a Quasi-Newton procedure to estimate the 
parameters and corr esponding unit hydrograph ordinates for 
least squares error criterion, 

4. INVERSE SYSTEH HODELLING: 

In an inverse model developed by Chaube et al , a three 
parameter . Mash model consisting of a linear Channel with a 
delay tTme and a nash model for storage routing is assumed. 

{Q} = [tJ] {!) 

{1} = [U]"^ {Q) (Eq.4.il) 

Estimation of I by this method is known as detection. 

The detected effective rainfall should satisfy the 
continuity equation with respect to the storm precipitation 
from which it is derived and the DSRO which is in turn 



derived from it. A computer program developed by Hr. A.K. 
Sharma for such inverse system modelling is available for 
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the study. 

4.3 STRUCTURE OF MENU BASED PROGRAH: 

The structure of the program is as follows: 

(i) Input Data is given to the program. Input may be in 
any one of the following forms: 

(a) Effective rainfall • and Direct Surface runoff 
values . 

(b) Total rainfall and discharge values, 

(c) Stage, rating curve and rainfall values. 

(ii) Depending upon the input type, preliminary analysis is 
done. If total rainfall and discharge values are 
given as Input, effective rainfall and direct surface 
runoff values can be calculated. 

If the stage values are given and rainfall is given, 
then the given stage values are converted into corresponding 
discharge values using a given rating curve in the form: Q = 
a(G“-e)^. Now, total discharge and rainfall values are 
available. Effective rainfall and DSRO may now be 
calcualted. Input data are used to derive unit 

hydrography using different methods. 
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4.3.1 INTERACTIVE PROGRAM 

A non interactive computer programs written in Fortran 
Language for unit hydrograph were available for the study. 
The programs were modified in terms of subroutines. 


The different programs used are as follows: 

1. RFSEP.FOR This program separates the base flow 
discharge hydrograph and computes the excess rainfall 
hyetograph using corps of Engineers procedure. 


2, LOSS. FOR This computer 

flow discharge hydrograph using 
also computes the excess rainfal 
for the hydrologic abstractions 

3. RATING. FOR This program 
rating curve in the form of Q = 


program separates the base 
straight line technique and 
1 hyetogrph after accounting 
using index method. 

is used for developing the 
: aCG-e)^. 


4. GAUGE. FOR This program is used for converting the 

given" stage values into corresponding discharge values 

b 

using a given rating curve in the form Q = aCG-e) . 


5. CONTI. FOR This program separates the base flow 
estimates sum of squares of the differences between 
observed and computed discharge hydrograph ordinates, 
program also computes the unit hydrograph and the values 
the error functions. 


CEMt 
) ■- 


"^ARy 


and 

the 

The 

of 


4cc.m. 
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6. NASHH.FOR The prograiti computes the unit hydrofiraph by 
method of moments and estimates sum of squares of the 
differences between the observed and computed discharge 
hydrograph ordinates. 

The above programs are developed by NIH, Roorkee. They 
are modified and used here. 

7. EX. FOR This program assumes the data to be without 
error and so calculates the unit hydrograph ordinates using 
the Matrix Inversion Method. 

8. MLS. FOR This program calculates the unit hydrograph 
ordintes using method of lease squres. 

9. INV.FOR This program developed by Mr. A.K. Sharma 
(1973) calculates unit hydrograph ordinates, total effective 
rainfall, total precipitation, total storage and total 
abstraction, on the basis of detected effective rainfall. 

4.4. DEVELOPMENT OF MENU BASED PROGRAM 

A program is written to develop a pop-up menu for Unit 
Hydrograph Analysis. The program is developed in the 
following way: 

(i) All the mouse parameters have been defined 
using BEGIN statement as given in Appendix A. 

(ii) A main menu has been prepared in which various 
options for sub-menus are given. Main menu has 

developed using the ’MENU' command. 


been 


The 
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syntax is given in Appendix A, 

Ciii) Options of main menu are sub-menus or 
commands. Sub menus are as follows: 

a. DATA INPUT 

Input type has been given in this option. Three 
different options are given in this sub menu. 

b. FILES 

Two options are given here. First, to retrieve 
the files and second to print the files. A pop-up 
menu has been developed to retrieve the input, 
output and program files . 

c. PERLiniNARY ANALYSIS 

This sub menu gives options for effective 
rainfall and DSRO separation; and only DSRO 
s eparat ion . 

d. UNIT HYDROGRAPH METHODS 

This submenu gives different unit hydrograph 
methods available for analysis. Each option 
gives different methods coming under it. 

Different unit hydrograph methods (Sec. 4. 2. 5) and 
their sub menus are given in Table 4.1 
Listing of menu making program is given in 
Appendix B. 
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4.5.3 ANALYSIS AND DISCUSSION OF RESULT: 

Four different methods have been used for analysis to 
demonstrate interactive menu based UH analysis. They are 
Exac t_ me t ho d , Method of Least Squares, Conceptual models and 
Inverse model. Under conceptual model, 2—parameter Nash 
model by method of moments and 2-parameter Mash model by 
method of least squares (optimisation technique) have been 
imp 1 emet ed . 

To perform the analysis by Exact method, i.e., by 
Matrix Inversion method, input file named PROG.DAT has been 
opened with the data in the form as given in Sec. 4.5.2. 
Input data are given in Table 4.2. Effective rainfall and 
DSRO separation are done using Corps of Engrs . procedure. 
Effective rainfall and DSRO values are then used to derive 
the unit hydrograph. 

Result from this method is given in Table 4.3. Unit 
hydrograph is shown in Fig. 4.1. From Fig. 4.1, hydrograph 
is steady upto t = 12 hours, but afterwards its oscillations 
are too large. The method used is inherantly unstable 
because of errors of data; so the graph is oscillating. 
So exact methods are not preferred in deriving unit 
hydrographs . 

Second method used is the Method of Least Squares. 
This method uses the same input as given to Exact method 
with p = n-k+1. Results are shown in Table 4.3, amd unit 
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4.5.3 ANALYSIS AND DISCUSSION OF RESULT: 

Four different methods have been used for analysis to 
demonstrate interactive menu based UH analysis. They are 
Exact method, Method of Least Squares, Conceptual models and 
Inverse model. Under conceptual model, 2-parameter Nash 
model by method of moments and 2-parameter Nash model by 
method of least squares (optimisation technique) have been 
imp 1 emet ed . 
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per f orm 

the analysis 

by Exact 

method , i . e . 

, by 

Matrix 

I aversion 

method, input 
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PROG.DAT has 

been 


opened with the data in the form as given in Sec. 4.5.2. 
Input data are given in Table 4.2. Effective rainfall and 
DSRO separation are done using Corps of Engrs . procedure. 
Effective rainfall and DSRO values are then used to derive 
the unit hydrograph. 

Result from this method is given in Table 4.3. Unit 
hydrograph is shown in Fig. 4.1. From Fig. 4.1, hydrograph 
is steady upto t = 12 hours, but afterwards its oscillations 
are too large. The method used is inherantly unstable 
because of errors of data; so the graph is oscillating. 
So exact methods are not preferred in deriving unit 
hydrographs. 

Second method used is the Method of Least Squares. 
This method uses the same input as given to Exact method 
with p = n-k+1 . Results are shown in Table 4.3, and unit 
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TABLE 4.2 


INPUT DATAFC«^ MATRIX INVERSION METHOD AND 
METHOD OF LEAST SQUARES 


BASIN A 
823.62 


1 . 
1 . 

1 

105 

1 

1 . 


.544 1.1991 11.34 13.287 
20 

55 . 55 . 60 . 65 . 142 . 285 
285 . 260 . 210 . 170 . 150 , 


4.486 6.428 2.777 

355 - 370 . 430 . 440 . 

132 . 120 . 115 . 105 . 100 . 


INPUT DATA FOR CONCEPTUAL MODELS AND 
INVERSE MODEL 


BASIN B 
100 . 0 
1 . 

1 . 

1 

39.20 

3 


0.51 0.39 0.19 

14 

14.8 3.6 3.0 0.0 

0.0 

9.2 10.4 

20.0 

10.6 

10.8 

7.0 8.8 5,4 2.0 

0.0 25.0 18.0 11.2 

9.8 22,6 10.2 

8.4 

2.6 

1.0 

11.0 7.6 2.4 0.0 

14.6 1.4 0.0 0.0 

10.0 

3.6 23.0 

28.6 

10.0 

13.0 

4.2 3.0 2.0 0.8 

26 

39.20 39.20 44.64 

50.66 

57.31 

64.64 

72 . 

70 81.53 


81.54 91720 101.76 113.28 125.80 139.41 139.41 125.80 
113,28 113.28 91.20 81.54 72.70 64.64 57.31 50.66 
44.64 39.20 
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TABLE 4.3 



RESULT FROM MATRIX INVERSION METHOD 


NUMBER OF 

UNIT HYDROGRAPH ORDINATE = 20 


UNIT HYDROGRAPH ORDINATE 

1 


.00 

2 


,00 

3 


,00 

4 


,00 

5 

10 

.95 

6 

35, 

,99 

7 

17 

.21 

8 

51 . 

,27 

9 

15 

. 31 

10 

74. 

97 

11 

-64 

. 97 

12 

143. 

, 31 

13 

-202 

. 81 

14 

339. 

,04 

15 

-521 

. 33 

16 

830. 

,09 

17 

-1304 

. 55 

18 

2060. 

, 14 

19 

-3248 

.68 

20 

5122. 

,91 



RESULT FROM METHOD OF LEAST SQUARES 

NUMBER 

OF UNIT HYDROGRAPH ORDINATES =16 

UNIT 

HYDROGRAPH ORDINATE 

1 

. 53 

2 

-1.18 

3 

2.07 

4 

-3.41 

5 

16.41 

6 

27.33 

7 

30.90 

8 

29.65 

9 

49.42 

10 

21.18 

11 

19.87 

12 

14.53 

13 

8.16 

14 

6.36 

15 

3.28 

16 

2.81 
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hydrofiraph, is shown in Fifi. 4.2. The hydrofiraph derived is 
an improvement over the previous one. This method gives 
better unit hydrgograph because it minimises the sum of the 
squares of differences between observed hydrograph and 
computed hydrograph ordinates. 

The third one is a conceptual model. Different Input 
data are used here. Input file named NASHPRO. DAT has been 
opened with the data in the form as given in Sec. 4.5.2. 
Table 4.2 gives -input data. 2-parameter Nash model using 
optimisation technique for Plethod of Least Squares is the 
first model used in the study under conceptual model. 
Observed hydrograph, simulated hydrograph, base flow and 
direct surface runoff are shown in Fig. 4.3. The simulated 
hydf-ograph is approximately same aa the obaerved hydrograph. 
So this model is satisfactory for hydrograph analysis. The 
corresponding unit hydrograph is shown in Fig. 4.4. Results 
of this model are given in Table 4.4. 

2-parameter Nash model using method of moments is the 
other model used in the study. The observed hydrograph, 
simulated hydrograph, base flow and Direct surface runoff 
are shown in Fig 4.5. Simulated hydrograph values are 
somewhat different from the observed hydrograph. So if 
simulated hydrograph is shifted by 3 hours then simulated 
and obaerved hydrograph are nearly same. So 3-parameter Nash 
model taking the 3 hour lag time as the third parameter, 

3 hour shifted simulated hydrograph, 


gives good result . 




FIG. 4. 4 UNIT HYDROGRAPH 

2-PARA^fETER NASH MODEL (Nfl-S) 



TIME IN HOURS 
DISahLA.RGE 






TABLE 4.4 UNIT HYDROGRAPH AITALYSIS -NASH MODEL 64' 

(METHOD OF LEAST SQUARES) 

EXCESS RAIN AND DIR. SURFACE RUNOFF DETAILS FOR EVENT NO = 1 

NAME OF THE CATCHMENT BASIN B 
CATCHMENT AREA = 100.00 

DIRECT SURFACE RUNOFF (CUMECS) 

.000 .000 5.440 11.460 18.110 25.440 33.500 42.330 42.340 52.000 

62.560 74.080 86.600 100.210 100.210 86.600 74.080 74.080 52.000 42.340 

33.500 25.440 18.110 11.460 5.440 .000 

BASEFLOW (CUMECS) 

39.200 39.200 39.200 39.200 39.200 39.200 39.200 39.200 39.200 39.200 

39.200 39.200 39.200 39.200 39.200 39.200 39.200 39.200 39.200 39.200 

39.200 39.200 39.200 39.200 39.200 39.200 

INFILTRATION CAPACITY (MM/HR) 7.206 

TOTAL RAINFALL EXCESS (MM) 38.784 

SEPERATED RAINFALL VALUES (MM) 

3.116 4.646 1.344 .000 .000 6.934 6.446 11.704 1.114 1.162 

1.452 .816 .000 .000 

NO. OF U.H. ORDINATES = 25 

OPTQN CAI.LED WITH ARGUMENTS 
NO. OF PARAMETERS: 2 

TOLERANCE : . 10000 

INITIAL PARAMETERS 

1 3 . 00000 

2 2 . 00000 


ITERATION NO. 2 

1 20.694730 20.694730 

2 29.563900 29.563900 


LINE SEARCH COMPLETED 
LINE ITERATION NO: 7 

OLD FUNCTION VALUE : . 115443E+02 

NEW FUNCTION VALUE : .867813E+01 

CURRENT SOLUTION 

1 3.646710 

2 2.923872 

STPMAX.GMAX .923872E+00 

PRE UPDATED HESSIAN 
MULTIPLIERS -.000768 

VECTORS 

1 20.694730 34.581250 

2 29,563900 44.730730 

1 .100000E+01 

2 .000000E+00 

3 . 100000E+01 
UPDATED HESSIAN 

1 .9g9747E+00 

2 -.360837E-03 

3 .999435E+00 


. 151668E+02 
.015701 



TABLE 4.4(Contd. ) 


65 


LINE SEARCH COHPLETED 
LINE ITERATION NO: 201 
OLD FUNCTION VALUE : .161796E+01 

NEW FUNCTION VALUE : .161796E+01 

CURRENT SOLUTION 


1 3.301194 

2 2.506824 

STPMAX.GMAX ,119209E-06 .105332E+01 


AREA OF UH= .99564 


UNIT HYDROGRAPH ORDIHATES(CUHECS) 


.183 
1.686 
. 146 


. 631 
1.395 
. 109 


1.500 
1. 135 
.081 


2.183 

.909 

.060 


2. 615 
.719 
.045 


2.787 
. 563 


2.750 
. 436 


2.567 
. 335 


2.299 

.256 


U.n,PEAK(M+*3/S)= 3. 

U.H.TIME TO PEAK ( HRS )= 6 

EVENT NO. = 1 

ESTIMATED DIRECT SURFACE RUNOFF BASEFLOW 
.573 39.200 

2. 825 39.200 

7.070 39.200 


39.200 

39.200 

39.200 


14,656 
20. 358 
25.111 
.30. 6^97 
41.312 
55. 429 
71 . 329 
82. 357 
88.093 
88. 923 
85. 520 
78 . 862 
70.267 
60.055 
51 .469 
42.670 
34.781 
27.941 
22.164 
17.390 
13.512 
10.410 


39.200 
39.200 
39. 200 
39.200 
39.200 
39.200 
39. 200 
39. 200 
39.200 
39.200 
39. 200 
39.200 
39.200 
39.200 
39.200 
39.200 
39.200 
39.200 
39.200 


1.994 
, 194 



TABLE 4.4(Goritd.) 


COMPARISON OF OBSERVED AND SIMULATED HYDROGRAPH 


NO. 

OBSD DISCHARGE 

COMPD DISCHARGE 

1 

39.20 

39.20 

2 

39.20 

39.77 

3 

44.64 

42.02 

4 

50.66 

47.07 

5 

57.31 

53.86 

6 

64.64 

59.56 

7 

72.70 

64.31 

8 

81 . 53 

69.90 

9 

81 . 54 

80. 51 

10 

91.20 

94.63 

11 

101 . 76 

110. 53 

12 

113.28 

121.56 

13 

125.80 

127. 29 

14 

139.41 

128. 12 

15 

139.41 

124.72 

16 

125.80 

118.06 

17 

113.28 

309.47 

16 

113 . 28 

100.06 

19 

91.20 

90. 67 

20 

81 . 54 

81.87 

21 

72.70 

73. 98 

22 

64 . 64 

67. 14 

23 

57.31 

61.36 

24 

50.66 

56.59 

25 

44.64 

52.71 

26 

39.20 

49.61 


EFFICIENCY OF THE MODEL= . 95.22 

OBSERVED PEAK(H**3/S)= 139.41 

OBSERVED TIME TO PEAK ( HRS )= 14 

COMPUTED PEAK (H**3/S)= 128.12 

COMPUTED TIME TO ' PEAK {HRS)= 14 

AVERAGE STANDARD ERROR = 6.934 

AVERAGE ABSOLUTE ERROR = 5.469 

AVERAGE PERCENTAGE ABSOLUTE ERROR = 7.158 

PERCENTAGE ABSOLUTE ERROR IN PEAK= 8.10 

PERCENTAGE ABSOLUTE ERROR IN TIME TO PEAK= .00 








observed hydrofiraph. base flow and direct surface runoff are 
shown in Fig 4.6. The corresponding unit hydrograph is shown 
in Fig. 4.7. Results of this model are given in Table 4.5. 


The conceptual model C3-parameter Nash model) seems 
to give the best results. 

Fourth model used in the study is Inverse model. Input 
data for the model is same as for conceptual models. Total 
precipitation and direct surface runoff values are used in 
this model. Cumulative effective precipitation, cumulative 
precipitation, cumulative abstraction and total storage have 
been calculated for the linear reservoir. Fig. 4.8 shows 
all these values. It may be noted that the cumulative 
precipition is always in excess of the cumulative DSRO, 
which in turn exceeds the cumulative DSRO. Thus maintaining 
the principle of conservation of mass. 

The corresponding unit hydrograph is given in Fig. 4.9. 
The results, are shown in table 4.6 and a single linear 
reservoir with exponential decay function as the UH is found 
to be generally satisfactory for the data analysed. 

Fig. 4.10 shows rainfall separation by corps of 
Engrs. procedure, rainfall separation by inverse model 
and total precipitation. In corps of Engrs. procedure 
abstractions occur only during the storm, but in the 
inverse model abstractions occur after the end of 
the storm also. It may be noted that abstractions occur 



TABLE 4.5 UNIT HYDROGRAPH ANALYSIS-NASH MODEL 

(METHOD OF MOMENTS) 
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not only during the storms but also afterwards which is 
realistic. So inverse model gives better estimate. 

4.5.4 CONCLUSION 

A menu based interactive computer program for UH 
analysis has been successfully implemented. The problems 
used to illustrate the capability of interactive programs 
show that an interactive menu based programs are easy to 
use, particularly for the use of different alternative 
approaches in the various steps of analysis and design, and 
further more facilitates intermediate graphic output in 
taking decision about the suitablity of the approach used. 
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CHAPTER 5 

SUMMARY, CONCLUSIONS AND SUGGESTIONS FOR FUTURE WORK 
5. 1 SUMMARY 

A computer program has a number of steps and one may 
have to use them iteratively, so interactive programs are more 
useful, powerful and user-friendly. There are various interaction 
styles. Menu selection is one of them. Menu selection systems are 
attractive because they can eliminate training and memorisation of 
complex command sequences. Menu selection applications range from 
trivial choices between two items to complex videotex systems. 
Pop-up or pull down menus appear on the screen in response to a 
click with the pointing device such as a mouse. Mouse is used to 
select the options given in the menu. 

Truemouse is a software developed for use with PC mouse 
or raicrosoft mouse. Truemouse wa.s developed to enhance the basic 
mouse functions. 

An approach to menu based interactive programs in 
Hydrology and Water Resources is illustrated with two examples 
using Truemouse software. In the present study, frequency analysis 
and Unit Hydrograph analysis programs have been developed to 
illustrate the use of Truemouse software. Various menus are 
developed to perform the various program steps. The software is 
found to be very much useful in performing various steps involved 
in “the execution of the program. 
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5- 2 Concl usi ons 

Interactive menu based program is shown to be easy to 
use, versatile and user-friendly. The two programs developec^ 
demonstrate the use of menu based interactive programming with 
mouse . 

5.3 Suggestions for future work 

In the present study, two prgrams are developed to 
demonstrate the use of menu based interactive programing in 
Hydrology and Water Resources. Several other programs available in 
this area can also be changed into menu based interactive programs 
to make them easy to use and user-friendly. 
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NOTHING: Indicates that no action is taken. 

An alternative to the EXECUTE, TYPE, 
and MATCH statements. 


B* StatejBent Format 

statement consists of 4 elements: Label, Command, 

Parameter and comments. The statement format is 

[label:] command parameters [; comments] 

4 :* Note; The elements in bracket "[ ]" are optional 

elements , which can be with or without in a 
statement . 

Label: A label is the name you assign to a 

statement, which allows the program 
to execute statements in a different 
order as they appear in source file. 

* Label must be followed by a colon(:) 

* At least one space between the colon and command. 

* Do not use command names or reserved words . . . 
BACKSPACE ENTER, ESC, TAB for labels. 

Parameters; Menu programming language uses 

three types of parameters : 

numeric parameters . 
string parameters, 
attribute parameters. 

* Numeric parameters: used for numeric' data, such as 
screen coordinates or movement-sensitivity values 
for the mouse . 

* String parameters: string parameters specify text 
for menus or messages. 

* Display attribute parameters: A display attribute 
parameter specifies what color a menu or message box 
appears on the screen. 
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Display a'btribut.e - Foreground colors + Background colors. 


Color 

Black 

Blue 

Green 

Cyan (blue-green) 

Red 

Magenta 

Brown 

White 

Gray 

Light Blue 
Light Green 
Light Cyan 
Light Red 
Light Magenta 
Yellow 

White (high intensity) 


Foreground 

0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


Comments: Comments describe what a 

statement does, which have no 
effect when the statement is 
executed. 


Background 

0 

16 

32 

48 

64 

80 

96 

112 

128 

144 

160 

176 

192 

208 

224 

240 


There are five types of statements in the menu language: 

1. Event statements: BEGIN, ASSIGN 

Define what action is taken when a mouse event occurs. 

2. Menu statement.s : MENU, OPTION, MEND 
Create single-colinnn menus. 

3. Popup statements: POPUP, TEXT, SELECT, PEND 
Create multiple-column menus and message boxes. 

4. Action statements: EXECUTE, TYPE, NOTHING 
Perform an action as a result of a mouse event, menu 
subroutine, or string match statement. 

String match statement: MATCH 

Executes other statements depending on what is displayed 
on the screen. 


5 . 
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C- Conunand description 
1. BEGIN 
[SYNTAX] 

BEGIN [Ifbtn], [rtbtn], [mdbtn] , 

[Ifmov], [rtmov], [upmov] , 

[dnmov] , [hsen] , [vsen] 

Begin statement specifies 9 parameters (these 
parameters to be defined strictly in accordance 
with above sequence). Each parameter defines a 
statement to be executed when the user clicks a 
mouse button or moves the mouse . There are three 
types of parameters in the BEGIN statement; 

Button parameters: 

Ifbtn Left button clicking 

rtbtn Right button clicking 

mdbtn Middle button clicking 

Define the action taken when one of mouse buttons 
are clicked. 

Movement parameters ; 

Ifmov Move leftword 

rtmov Move rightword 

upmov Move upword 

dnmov Move downward 

Define the action taken when the mouse is moved. 

Movement sensitivity parameters; 

hsen Horizontal movement sensitivity 

vsen vertical movement sensitivity 

Example ; 

BEGIN ent, esc,, If, rt, up, dn 

If: TYPE 0,75 ; simulate the left cursor key 

rt: TYPE 0,77 ; simulate the right cursor key 

up: TYPE 0,72 ; simulate the up cursor key 

dn: TYPE 0,30 ; simulate the down cursor key 

esc: TYPE ESC ; simulate the Esc key 

ent: TYPE ENTER ; simulate the enter key 

ent: Define left button statement, 
esc: Define right button statement. 

If: Define move leftword statement, 

rt: Define move rightword statement, 

up: Define move upward statement. 
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C. Command description 
1. BEGIN 
[SYNTAX] 

BEGIN [Ifbtn], [rtbtn], [mdbtn] , 

[Ifmov] , [rtmov], [upmov] , 

[dnmov] , [hsen] , [vsen] 

Begin statement specifies 9 parameters ( these 
parameters to be defined strictly in accordance 
with above sequence). Each parameter defines a 
statement to be executed when the user clicks a 
mouse button or moves the mouse . There are three 
types of parameters in the BEGIN statement: 

Button parameters : 

Ifbtn Left button clicking 

rtbtn Right button clicking 

mdbtn Middle button clicking 

Define the action taken when one of mouse buttons 
are clicked. 

Movement parameters : 

Ifmov Move leftword 

rtmov Move rightword 

upmov Move upword 

dnmov Move downward 

Define the action taken when the mouse is moved. 

Movement sensitivity parameters: 

hsen Horizontal movement sensitivity 

vsen vertical movement sensitivity 

Example : 

BEGIN ent, esc,, If, rt, up, dn 

If: TYPE 0,75 ; simulate the left cursor key 

rt: TYPE 0,77 ; simulate the right cursor key 

up: TYPE 0,72 ; simulate the up cursor key 

dn: TYPE 0,80 ; simulate the down cursor key 

esc: TYPE ESC ; simulate the Esc key 

ent --TYPE ENTER ; simulate the enter key 

ent: Define left button statement, 
esc: Define right button statement. 

If: Define move leftword statement, 

rt: Define move rightword statement, 

up: Define move upward statement, 

dn: Define move downward statement. 



86 


Tlie BEGIN s'bat-emen't in "this example gives initial values 
for all parameters except "mdbtn", "hsen", and "vsen". 
Because "mdbtn" isn’t specified, nothing happens when the 
user clicks middle button. Because no values are given for 
"hsen" and "vsen", the default values are used (8 and 16 
mickeys, respectively) 


2. ASSIGN 
[SYNTAX] 

label: ASSIGN [Ifbtn] , [rtbtn], [mdbtn], 

[Ifmov], [rtraov], [upmov] , 

[dnmov] , [hsen], [vsen] 

Assign statement used to redefine one or more parameters 
given in the Begin statement or most recent Assign 
statement. If a parameter value isn’t specified in an 
ASSIGN statement then this particular paraumeter value will 
remain the same as BEGIN statement or last ASSIGN statement. 

All parameters are defined in same format as Begin statement. 
All assign statements must be captioned with a label. 

Example : 


BEGIN esc, ent, mml , If, rt, up, dn 


reassign: ASSIGN y, not,,,, not, not 16, 18 


In this example, the BEGIN statement assigns the initial 
values of all button and movement parameters . Because no 
values are specified for the sensitivity parameters ( "vsen" 
and "hsen"), the default values are used. 

The ASSIGN statement changes the values of the left 
button, right button, and up and down movement parameters. 
It also changes the value of "hsen" to 16 and the value of 
"vsen” to 18. Commas are used for the parameters whose 
values aren’t changed. 


3 . EXECUTE 
[SYNTAX] 

ELabel: EXECUTE label [, label ] 

Execute command is used to define other statements 
to be executed. Statements within an EXECUTE 
statement are executed sequentially starting with 
the first statement. 



Parameters 

Elabei Name of the EXECUTE statement. 

All EXECUTE statements must be 
labeled. 

label Name of the statement to be 
executed. 

Example : 

exec: EXECUTE dir, s, c, ent 


dir: TYPE "dir" 

S : TYPE 32 ; Space Code 

C : TYPE "c:" 

ent : TYPE enter 
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The EXECUTE statement labeled "exec" executes the 
statements labeled "dir", "s", "c", nd "ent". These 
statements simulate typing dir C: and pressing ENTER. 

4. MATCH 


[SYNTAX] 


label: MATCH row, column, attribute, string, mlabel, nlabel 

MATCH command i.s used to define a specified string in a 
given screen location. If it is found then execute the 
match statement, else execute the nomatch statement. Row, 
column are used to describe the absolute screen 
coordinates. The starting coordinates for the screen are in 
the upper-left corner of screen (row=l, colimnn=l). 

Parameters 


label Name of the MATCH statement. All MATCH 

statements must be labeled. 

row, column Used to specify the string coordinates on the 
screen. 


attribute 


string 


mlabel 


Used to specify the attribute of string. This 
can be one of the symbolic values "normal", 
"bold", or "inverse", or a decimal value that 
denotes specific foreground and background 
colors . {refer to attribute parameters value) 


This can be any string of up to 80 ASCII 

enclosed in double quotation marks 


if the string is matched, this label specifies 
statement will be executed. 



nlabel 


if "the string is not matched, this label 
specifies statement will be executed. 
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Example: 

BEGIN leftb 

leftb: MATCH 5, 40, normal, "test", find, not-find 

find: TYPE "string match" 

not-find: TYPE "string not match" 

When user clicks the left mouse button, if there is a 
string "test", which on the screen at locate row=5, col umn =40, 
and attribute=normal , then will print out a message " string 
match", else print out "string not match". 

5. MENU 

[SYNTAX] 

label: MENU "title", row, column, attribute 

OPTION "text", pointer 


MEND 

MENU statement used to create single-column Popup menus. 
When this statement is active, there will be a single-column 
menu display on the screen. The user chooses items in the 
menu by moving mouse cursor to the desired item. then 
clicking left mouse button at once, the equivalent statement 
specified by pointer of OPTION statement will be executed. 

OPTION statement is used to define each menu item in the 

MENU statement . 


Parameter 


label 

Name of the Menu subroutine. All Menu 
subroutines must be labeled. 

title 

Text of the menu title, enclosed in double 
quotation marks ( " " ) . 

row , column 

Used to specify the top-left corner of the menu 
appears. 

attribute 

Used to specify the attribute of menu displayed 
on the screen. 

text 

Legend text for the menu item. The legend text 
must be enclosed in double quotation marks ( " ” ) . 

pointer 

Label of the statement will be executed when user 
chooses the menu item. 



89 

6- POPUP 
[SYNTAX] 

label: POPUP row, column, attribute 

TEXT "string" 


SELECT srow, scolumn, width, pointer 


PEND 

Popup statement is used to define multiple-column menu 
which are used in the same way as menu statement. Select 
command is used to define the selection area of items on the 
menu, and the statement which will be executed when the item 
is selected. Text command is used to define the menu title 
and the legend text for menu items. 

Parameter 

label Name of the Popup subroutine. All Popup 

statements must be labeled. 

row, column Used to specify the top-left corner of menu on 

the screen (the top left corner on the screen is 
row 1, column 1). 

attribute A value that specifies how the menu is displayed 
on the screen. This can be "normal", "bold", or 
"inverse", or a decimal "value that specifies 
particular foreground and background colors, 
string Defines the Popup menu title or the legend text 

of a menu item. All text must be enclosed in 
double quotation marks (" "). You can use ASCII 
code to construct lines and boxes. All string 

defined by text statement must be equal length. 



90 


Srow 


Scolumn 


Width 

Pointer 


defines the vertical starting point of item, 
selection area. Which is relative to the row- 
coordinates specified in this Popup statements . 
Minimum value is 1. 

defines the horizontal starting point of item 
selection area. Which is relative to the column 
coordinates specified in this Popup statements. 
Minimum value is 1. 

defines the width of item selection area, 
label of the statement to be executed, when the 
item selection area is chosen in the menu. 


7. TYPE 


[SYNTAX] 

label : TYPE key [ , key . . . ] 

TYPE statement simulates typing keystrokes. Ail keys 
specified in the TYPE statement are inserted into a 
keyboard buffer when the menu program is running and are 
not output as keystrokes until the menu program becomes 
inactive , 

Parameter 

label Name of the TYPE statement. All TYPE statements 

must be labeled. 

key Name of the key. It can be: 

* A single letter or number enclosed in double 
quotation marks ( “ " ) ; or a sequence of keystrokes 
enclosed in double quotation marks (such as "dir”) 

* A standard ASCII code (characters 0 through 127), or 
an extended ASCII code (characters 128 through 255) 

* An extended keyboard scan code 

* Any of the following predefined symbolic keys*- 
“ enter " , "tab”, "backsp" , "esc". 



ASCII Control Character 


ASCII 

Key 

ASCII 

Key 

code 

equivalent 

code 

equivalent 

0 

none 

16 

CONTROL -P 

1 

CONTROL -A 

17 

CONTROL -Q 

2 

CONTROL -B 

18 

CONTROL -R 

3 

CONTROL -C 

19 

CONTROL'S 

4 

CONTROL -D 

20 

CONTROL -T 

5 

CONTROL -E 

21 

CONTROL-D 

6 

CONTROL-F 

22 

CONTROL -V 

7 

CONTROL-G 

23 

CONTROL-W 

8 

backspace 

24 

CONTROL -X 

9 

horisontal 

tab 25 

CONTROL -Y 

10 

line feed 

26 

CONTROL -Z 

11 

CONTROL-K 

27 

ESCAPE 

12 

CONTROL-L 

28 

CONTROL - 

13 

carriage return 29 

CONTROL-] 

14 

CONTROL -N 

30 

CONTROL-' 

15 

CONTROL -0 

31 

CONTROL-. 

Extended Keyboard Scan ^ 

Codes 


Keystroke { s ) 



Scan code 

HOME 



0, 71 

CONTEOL-HOME 



0, 119 

up arrow key 



0, 72 

down arrow key 


0, 80 

left arrow key 


0, 75 

CONTROL-left 

arrow key 


0, 115 

right arrow 

key 


0, 77 

CONTROL-right arrow key 


0, 116 

END 



0, 79 

CONTROL-END 



0, 117 

PAGEUP 



0, 73 

CONTROL-PAGEUP 


0, 132 

PAGEDOWN 



0, 81 

CONTROL -PAGEDOWN 


0, 118 
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CONTEOL-PRINTSCREEN 

0, 

114 


INSERT 


0 , 

82 


DELETE 


0. 

83 


SHIFT-TAB 


0, 

15 


Keystroke ( s ) 

Scan code 

Keystroke(s) 


Scan code 

FI 

0,59 

ALT-0 


0, 129 

F2 

0,60 

ALT-1 


0, 120 

F3 

0,61 

ALT-2 


0, 121 

F4 

0,62 

ALT-3 


0, 122 

F5 

0,63 

ALT-4 


0, 123 

F6 

0,64 

ALT -5 


0. 124 

F7 

0,65 

ALT-6 


0, 125 

F8 

0,66 

ALT-7 


0, 126 

F9 

0,67 

ALT-8 


0, 127 

F10 

0,68 

ALT-9 


0, 128 

SHIFT -FI 

0, 84 

ALT — 


0, 130 

SHIFT-F2 

0,85 

ALT-= 


0, 131 

SHIFT-F3 

0, 86 

ALT-A 


0, 30 

SHIFT -F4 

0,87 

ALT-B 


0, 48 

SHIFT -F5 

0, 88 

ALT-C 


0, 46 

SHIFT-F6 

0,89 

ALT-D 


0, 32 

SHIFT-F7 

0, 90 

ALT-E 


0, 18 

SHIFT-F8 

0, 91 

ALT-F 


0, 33 

SHIFT -F9 

0, 92 

ALT-G 


0, 34 

SHIFT-F10 

0,93 

ALT-H 


0, 35 

Keystroke { s ) 

Scan code 

Keystroke { s ) 


Scan code 

CONTROL-Fl 

0, 94 

ALT -I 


0,23 

CONTROL -F2 

0. 95 

ALT-J 


0 , 36 

CONTROL -F3 

0, 96 

ALT-K 


0,37 

CONTROL -F4 

0, 97 

ALT-L 


0,38 

CONTEOL-F5 

0, 98 

ALT-M 


0,50 

CONTROL -F6 

0, 99 

ALT-N 


0,49 

CONTROL-F7 

0, 100 

ALT-0 


0,24 

CONTROL -F8 

0, 101 

ALT-P 


0. 25 

CONTROL-F9 

0,102 

ALT-Q 


0, 16 

CONTROL -F 10 

0,103 

ALT-R 


0, 19 
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ALT-Fl 

0,104 

ALT-S 

0. 31 

ALT-F2 

0, 105 

ALT-T 

0,20 

ALT-F3 

0,106 

ALT-U 

0,22 

ALT-F4 

0, 107 

ALT-y 

0, 47 

ALT-F5 

0,108 

ALT-W 

0, 17 

ALT-F6 

0,109 

ALT-X 

0, 45 

ALT-F7 

0,110 

ALT-Y 

0. 21 

ALT-F8 

0, 111 

ALT-Z 

0, 44 

ALT-F9 

0,112 



ALT-F10 

0,113 




ERROR MESSAGES 

Command: (ASSIGN) defined label not found 

Label defines in ASSIGN statement, which is 
not defined in source file. 

Command: (ASSIGN) parameter define too much 

ASSIGN statement maximun can define 9 
parameters . 

Command: (BEGIN) not found 

The source file doesn’t define BEGIN 
statement. 

Command: (BEGIN) define label not found 

Label defines in BEGIN statement, which is 
not defined in source file. 

Command: (BEGIN) define parameter too much 
BEGIN statement maximun can define 9 
parameters . 



Command: (EXECUTE) define label = xxxx not- found 


Label defined in EXECUTE statement-, which was 
not define in the source file 

Command; (MENU) parameter error 

MENU statement must define 3 parameters: ROW, 
COLUMN, ATTRIBUTE. 

Command: (MENU) attribute value error 

Attribute value: 0 < attribute value < 255. 

Command: (MENU) Must include at least one OPTION 
statement 

MENU subroutine must include at least one 
OPTION statement. 

Command: (MENU) define label = xxx not found 

Label defines in the OPTION statement, which 
isn’t found in source file. 

Command: (OPTION) didn’t define label 

OPTION statement must defines a label. 

Command: (MATCH) parameter error 

MATCH statement- must define 6 parameters. 
Which are ’ROW’, ’COLUMN’, ’ATTRIBUTE’, 
’STRING’, ’MATCH’ , ’NOMATCH’. 

MACTCH and NOMATCH are label. 

Command: (MATCH) define label not found 



Label defines in the MACTH statement isn’t 
defined in the source file. 

Command: (POPUP) parameter error 

In the POPUP statement must define 3 
parameter, which are ’ROW’, ’COLUMN’, 
’ATTRIBUTE’. 

Command: (POPUP) must include at least one SELECT 
statement 

In the POPUP subroutine must include at least 
one SELECT statement. 

Command: (TEXT) string length non equal 

All string defined by TEXT statement in the 
POPUP subroutine must be equal length. 

Command: (SELECT) didn’t define label 


All SELECT must define label. 
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BEGIN 

Ibtn : 
mbtn: 
Imov : 
rmov: 
umov : 
dmov; 
rbtn: 


main? 1 ; 


main6 : 


main? : 


mainO : 


1. HEHU MAKING PROGPJiH FOR FREQUENCE • ANALYSIS 


Ibbn, rbtn, mbtn, Imov, rmov, umov, dmov, 1,25 

TYPE 13 

TYPE 27 

TYPE 0,75 

TYPE 0,77 

TYPE 0,72 

TYPE 0,-80 

menu " MAIN MENU ",12,40,21 

option ■' DIR ",main71 

option " INSTRUCTIONS” , mains 

option " PROBABILITY DISTRIBUTIONS ",main8 

option '• MOUSE HELP", main? 

option " RUN FREQ'’,main9 

option " QUIT ",mainl0 

mend 


menu 

option 

option 

opt i on 

option 

option 

op tion 

mend 

pr>pup 

TEXT 

TEXT 

TEXT 

TEXT 

TEXT 

SELECT 

PEND 

popup 

text 

text 

text 

text 

text 

text 

text 

text 

text 

tex t 

SELECT 

pend 

pr.pnp 

TEXT 

TEXT 

TEXT 

Ti:XT 

Ti:XT 

TH’.XT 

TEXT 

TEXT 

TEXT 


DIRECTORY ■',12,40,21 

A “ , ma i n7 2 
C " , main? 3 

" CACHPXFORTRAN '•,mni,n74 
" C;\UfiER\RAHEGH ",maln?F> 

■' C:\TRUHOUSE ■',main76 
" MAIN MENU " , rbtn 

8 , 20,21 

= instructions =-ro = = = = = = = = = = === ===g" 

"IIF YOU WANT YOUR RE.SULTS TO COME IN NEW FILE 1" 
"ITHEN YOU HAVE TO RENAME YOUR FIRST OUTPUT FILE 1" 
■".OTHERWISE ALL RESULTS WILL COME IN SINGLE FILE 1 " 
l= = = = = = = - = = -. = = = = = = = r. = =: = r = = = = = = = = z: = =: = = = = z: = = =:=: = = = ==3" 
1,16, 14,NUL 

8 , 20,21 

-■ 7 -------- MOUSE HELP MENU -------- 9 " 

"ITHIS SAMPLE IS USED UNDER FAP PROG ! " 

■", FOLLOWING ARE THE KEY DEFINITIONS ! " 

”4 6" 

"iLEFT BUTTON -- ENTER KEY - I" 

"4 6- 

"1 MIDDLE BUTTON -- ESC KEY ! " 

"4 6" 

"1 RIGHT BUTTON -- MOUSE MENU DISPLAY ■■ 

■• l==oz==I:=-.^=========================3■■ 

l, 10, 19,NUL 


10 , 10,21 

” : DISTRIBUTION TYPE 
"INC'RHAL DISTRIBUTION . 
■•!INVF*:rSE PEARSON TRANS 
■• IGQUAUEROOT TRANS 
"ILOC NORMAL DISIMI.F.) 

■' IPEARSION DISTRIBUTION 
•• • LOG TRANSFORMATION ( MOM ) 

"4 


FOP-UP MEMU= = : 

OUTPUT FILES 
NoRHD . OUT 
INPHS.OUT 
GORTE.OUT 
LOGNR.OUT 
PEARS. OUT 
LOGTR. OUT 


VIEW OUTPUT FILES 
NORMD.OUT 
INPDS.OUT 
SQRTE.OUT 
LOGNR.OUT 
PEARS. OUT 
LOGTR. OUT 



2 . 


MENU MAKING PROGRAM FOR UNIT HYDROGRAPH 
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BEGIN Ibtn, rbtn, mbtn, Imov, rmov, umov, dinov,l,25 

Ibtn: TYPE 13 

mb-fcn: TYPE ' 27 

imov; TYPE 0,75 

rmov: TYPE 0,77 

umov: TYPE 0,72 

dmov: TYPE 0,80 

rbta; menu " MAIN MENU ",12,40,21 

option " DIR ”,main71 

option " DATA INPUT ",mainl 
option " FILES", main2 
option " PRELIMINARY ANALYSIS" , mainS 
option " UNIT HYDROGRAPH METHODS ", main4 
option " GRAPHS" , mainS 
option " QUIT",main7 
mend 

main71: menu " DIRECTORY ",12,40,21 

option " A ",main72 

option " C ",main73 

option " C:\CMP\FORTRAN ",main74 
option " C:\USER\RAHEGH ",main75 
option " C:\TRUMOUSE ",main76 
option " MAIN MENU " , rbtn 

mend 

mainl; menu " INPUT TYPE ",12,30,37 

option " EFF RAINFALL AND DSRO VALUES " , niain4 
option " TOTAL RAINFALL AND DIG VALUES" , mainD 
option " STAGE, RATING CURVE & RAINFALL VALUES" , mainl0 
option " MAIN MENU", rbtn 
mend 

main2: menu " FILES ",12,40,10 

option " RETRIEVE ",maini3 

ODtlon " PRINT ",mainl4 

option " MAIN MENU " , rbtn 

mend 

main3: menu " PRE ANALYSIS ",12,40,44 

option " EFF RAINFALL AND DSRO SEPARATION" , main 16 
option " DSRO SEPARATION ",mainl7 

option " MAIN MENU", rbtn 
mend 

main4: menu "UNIT HYDROGRAPH METHODS" , 12 , 40 , 116 

option " EXACT METHOD" , mainl9 
option " APPROXIMATE METHODS" , main20 
option " CONCEPTUAL MODELS ",main21 
option " INVERSE SYSTEM MODELLING" ,main22 
option " MAIN MENU”, rbtn 
mend 

mainl6: menu " SEPARATION METHODS ",12,40,14 
option " PHI INDEX METHOD ",main51 
option " HORTON’S METHOD ",main52 
option " t’ORPS OF ENGGS METHOD ,main53 
option " MAIN MENU " , rbtn 
mend 
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mainl9: menu " EXACT METHOD" , 12 , 40, 14 
option " MATRIX INVERSION" , main24 
option '• UNIT HYDROGRAPH METHODS" , main4 
option " MAIN MENU " , rbtn 

mend 

main20: menu " APPROXIMATE METHODS ", 12 , 40 , 120 
option " METHOD OF LEAST SQUARES ", main2 5 
option " CUT-OFF FREQ IN TRANS METHOD" , main26 - 
option " UNIT HYDROGRAPH METHODS ", main4 

option " MAIN MENU ".rbtn 

mend 

main21: menu " CONCEPTUAL M0DELS‘M2 . 40, 79 
option " METHOD OF MOMENTS” , main27 
option " METHOD OF LEAST SQUARES ", ma in2S 
option “ UNIT HYDROGRAPH METHODS ", main! 

option " MAIN MENU", rbtn 

mend 

main27; menu " METHOD OF MOMENTS PROCEDURE" , 12 , 40, 36 
option ” 2-PARAMETER NASH MODEL" .main29 
option " 3-PARAMETER NASH MODEL ", main30 
option " CONCEPTU/VL MODELS ",main21 
option " UNIT HYDROGRAPH METHODS" , main4 
option " MAIN MENU " , rbtn 

mend 

main28: menu " METHOD OF LEAST SQUARES PR" , 12 , 40, 117 
option " 2-PARAMETER NASH MODEL" , main31 
ODtion " 3-PARAMETER MASH MODEL" , main32 
option " CONCEPTUAL MODELS ",main21 
option " UNIT HYDROGRAPH METHODS" , main4 
option " MAIN MENU " , rbtn 

mend 

main22-. menu " INVERSE SYSTEM MODELLING" , 12 , 40, 13 
option " INVERSE MODEL ",main33 
option " UNIT HYDROGRAPH METHODS" , main! 
option’ '■ MAIN MENU " , rbtn 

mend 

main34: TYPE "NOT IMPLEMENTED" , 13 , 10 

mainSi TYPE "LOTUS" , 13 . 10 

main?: TYPE 27 

raainl0: TYPE "RATING" , 13 , 10 

main 14: NOTHING 

rnainl? : TYPE "RUNSP" ,13, 10 

main24: TYPE "EX", 13,10 

main25: TYPE "MLS", 13, 10 

inain26: TYPE "NOT IMPLEMENTED" , 13 , 10 

main29: TYPE "CONTI",13,10 

mainSl: TYPE "NASHM" , 13 , 10 

maln32: TYPE "NOT IMPLEMENTED" , 1 3 , 10 

main33: TYPE "INV’M3,10 

raainSl: TYPE " LOSS" . 13 , 10 

niain52: TYPE "NOT IMPLEMENTED" , 13 , 10 

raain53; TYPE "RFSEP”,13,10 
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coHHur. roFMir 1,1,79 


TEXT 

TEXT 

! PROG . DAT 

= -- fviEUP-O- - - - __ = 

■ INPUT FILE FOR MATRIX INVERSION 

( 

TEXT 

•* f 
i 

AND METHOD OF LEAST SQUARES 

1 *• 

1 

TEXT 

"1 EX. FOR 

MATRIX INVERSION METHOD 

t »• 

f 

TEXT 

"1 EX. OUT 

OUTPUT FILE 

! 

TEXT 

" I MLS . FOR 

METHOD OF LEAST SQUARES 

1 •• 

< 

TEXT 

MLG.OUT 

OUTPUT FILE 

1 

TEXT 

•• : ropnp-A 


1 

TEXT 

"! POPUP- B 


f If 

t 

TEXT 

TTT'V Ti 

HAIH MENU" 

** 1 

- 

t 

Q " 


.SOr.ECT 2,4,10,PROGD 
5EI,KCT 4,4,10,EXF 
SFl.FOT 5,4,10,EXO 



GET, EOT 

6, 

4, 10, MLSF 


SELECT 

7, 

4,10, MLSO 


SELECT 

0, 

4 , 10, main! 3 


SEI.ECT 

9, 

4 , 10, CONNU 


SEl.ECT 

10,4,12, rbtn 


PEND 



CONE: 

TYT'E 


CONTI . FOR" , 13,10 

CONG : 

TV! E 

fUl 

oinrr i .out" , t3 , lo 

NASHF: 

TYPE 

so 

NASHi;oE3. FOR" , 13, 10 

NASHD; 

TYPE 

so 

NASnPRO.DAT". 13,10 

NA5HO; 

TYPE 

so 

NASHPRO.OUT", 13, 10 

RES EPF; 

TYI'E 

r>() 

RFP.EP.KOR" ,13,10 

RFSEPO : 

TYPR 

so 

RFSEF. OUT" ,13,10 

LOSSF: 

TYPE 

so 

LOSS. FOR" ,13,10 

LOS SO: 

TYPE 

so 

[.OS.G.OUT" ,13,10 

RF; 

TY'E 

^U) 

RAT ING. FOR" ,13,10 

RD: 

TYPE 

sr.) 

R.DAT”, 13, 10 

RO; 

TYPE 

f30 

R.OUT" ,13, 10 

GF: 

TYPE 

so 

GAUGE. FOR" ,13,10 

GU: 

TYPE 


GD. DAT" ,13,10 

GO : 

TYPE 

SO 

NASHPRO.DAT”, 13, 10 

PROGU; 

TY^E 

•f'o 

rR(!G. DAT" ,13,10 

EXE: 

TV( n; 


EX . FOR" ,13,10 

EXO : 

TV I E 

*f:o 

EX .OUT" ,13, 10 

MLSF: 

TYPE 

'SO 

MLS. F( iR" , 13, 10 

MLSO: 

TYi'E 

’SO 

Mi.S.OUT" .13,10 

mainVR : 

TV' E 

' A 

: ".13.10 

main? 3 : 

TYF'E 

’ (’ 

D\C: ",13,10 

main74 : 

TYPE 

CD\ CMPXFI.'RTRAN" ,13,10 

main75 : 

TYPE 

CDMJSFRXRAMESH" , 13,10 

main76 : 

TYI E 

CDVTRUMoUSR" , 13 , 10 



mainl 3 : 


CONHU : 


pof.np 

TF.XT 

TEXT 

TF.XT 

TEXT 

TEXT 

TEXT 

TEXT 

TEXT 

TEXT 

TEXT 

TEXT 

TF'XT 

TEXT 

nE[,KET 

.EEEEfrr 

SELECT 

SEI.ECT 

SELECT 

SEI.ECT 

SELECT 

EEtm 

{OF' IP 


t . 1 , 79 

7 -----. 


= = = r = --- = = = = = = r:-:;r = = = -pQpyp_^--______^___________. 
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FILES 
COMTI .FOR 


CONTI .OUT 
HASHH.FOR 

NASUrRO.DAT 
NASHPKO. (;UT 
MAIN MENU 


:=====9' 


DISCRIPT I ON 
NASD MODEL - ESTIMATION OF M ft K BY 
OPTIMISATION, COMPUTATION OF HYDROGRAPH, 
ERRORS AND CALIBRATION OF MODEL 
OUTPUT FILE 

COMPUTATION OF HYDROGRAPHS, ERRORS AND 
CALIBRATION OF MODEL 
INPUT FILE 
OUTPUT FILE 


3 . 4 , u: , CONF 
0,4,1 .'■! , CTTfO 

7.4, 15.NASHF 

9.4, l.'j.NAfUHi 
10, 4, IS.NASIiO 
1 1 , 4 , 1 5 , rb tn 
12,15, 10,CONNU 

1.1,79 


CONTINUE 


:==========3 


TEXT 

" f r : 


-•r_FOrUP-B r.- _ r. - : 

T.EXT 

.* f 

f 

RESEIL FOR 

CORPS OF ENGRS METHOD OF RUNOFF 

TEXT 

.♦ 1 

1 


RAINFALL SEPARATION 

TEXT 

M f 

» 

RFSEP . OUT 

OUTPUT FILE 

te:xt 

•» t 

1 

[,OSr. . FOR 

PHI INDEX METHOD OF RUNOFF AND 

TEXT 

** 1 


IMINEALL SEPARATION 


*• * 


OUTPUT PILE 

TKXr 

“ 1 

I 

RATING. FOR 

RATING CURVE PREPARATION 

TEXT 

*♦ 1 
t 

RAT INC,. DAT 

INPUT FILE 

TEXT 

«• 1 
* 

RATING. OUT 

OUTI’UT FILE 

TEXT 

• 1 1 
> 

GAUGE. FOR 

DISCHARGE FROM THE RATING CURVE 

TEXT 

1 

GIL DAT 

INPUT FILE 

TEXT 

»* 1 

NASHFRO.DAT 

OUTPUT FILE 

TE.XT 

1 

f-opnp-A 


TEXT 

•« t 
» 

MAIM MENU 



TEXT " 

1 CONTINUE 

TEXT '■ 


S El. EOT 

2,4, J2.RES.ErF 

SELECT 

4.4,12. RFSEPO 

SEI.ECT 

5.4, 12. r.f'SSE 

SELECT 

7.4.12,!,' )SSO 

SELECT 

8,4,12, RF 

SELECT 

9,4. 12, RD 

SEI.ECT 

10,4, 12. RO 

SEI.ECT 

1 1 .4. 12.GF 

SELECT 

12,4, 12,GD 

SEI.ECT 

1.1. 4, 12, GO 

SELECT 

14, 4, IX.m.Tinil 

SELECT 

15,4, !2.rh!.ii 

SELECT 

PEND 

16, 15, 10,COHHUI 


:9' 

I 


( 

I '* 


t 

I II 

I 

I ** 
I 
t 
I 

I '* 
t 





